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What This Text Covers... 


Almost every day you deal with various units of weight and measure in some Way. 
In this text you are going to study the most commonly used systems of weights and 
measures. You must know how to use these units properly to do the work that comes 
later in your course. The following study outline will help you to organize your work. 


J. Units oF WrEIcHT AND MEASURE .............-......-.. :... Pages 1 to 40 
After explaining certain terms with which you must be familiar, we discuss the 
measurement of lines, angles, areas, and volumes. Then we describe the avoirdu- 
pois, troy, apothecaries’, and metric systems of weight. Units of time, tempera- 
ture, and money are presented last. Tables of weights and measures are included. 


2.) CONVERSION ORM WNITS) on, oS) fare os eae he ee pre kida keg ks do cancun Pages 41 to 52 
This section shows you how to convert from units of one kind to units of another 
kind. r) 

3. CALCULATIONS WITH MEASURED QUANTITIES ................. Pages 53 to 62 


It’s really most important to be able to add, subtract, multiply, and divide de- 
nominate quantities. Furthermore, it is not difficult to perform these basic opera- 
tions upon numbers involving units of weight or measure. You'll find that this is 
true as you proceed with your study of this section. 
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Units of Weight and Measure 


Applying Your Knowledge of Arithmetic 

1. Thus far in your study of Practical Arithmetic you have learned how to add, 
subtract, multiply, and divide numbers. It is true that you have learned how to do 
other things, such as raising numbers to powers, taking the square root of num- 
bers, and finding numbers to bases other than 10. In all this work, however, you 
have dealt primarily with abstract numbers. In only a very few problems were you 
concerned about the quantities or things to which the numbers referred. In this 
text you are going to learn how to use your knowledge of arithmetic in the kind 
of problems that you will meet in everyday life or on your job. In many respects 
you are much like the person who has a fine set of tools, but who has not yet 
learned how to use them. Your tools are the operations that you can perform 
upon numbers. 

You will recognize many of the terms mentioned in this text. But don’t let that 
lull you into a state of false security. Study all of this material carefully, because 
some of the terms you think you know may be the very things on which your 
knowledge is not complete. 
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Units of Measure 

2. A unit of measure is a standard, fixed by law or by custom, that is used to 
measure a quantity. For example, when you buy a quart of milk, a pound of 
beans, or a peck of potatoes, the amount of milk, beans, or potatoes that you get 
is determined by how much there is in a quart, a pound, or a peck. Units of 
measure can be used to compare similar quantities. For example, when you know 
that two distances are 80 miles and 20 miles, you can easily: find the difference 
between the distances or you can determine how much greater the first distance 
is than the second distance. 

In the examples of the preceding paragraph the quart, the pound, the peck, 
and the mile are the units of measure we used. As you probably know, distances 
can be measured in other units, such as feet, inches, and yards. Also, there are 
many other units in use for measuring other quantities. For example, the gallon, 
the quart, and the pint are used for measuring liquids. The ton, the pound, and 
the ounce are used for measuring weight. The bushel, the peck, and the quart 
are used for measuring things like potatoes and tomatoes. The hour, the minute, 
and the second are used for measuring time. In this text you will learn more about 
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these and other units. In order to be able to understand the uses of some of these 
units fully, however, you will have to be familiar with the meanings of certain 
terms. Therefore, we shall explain these terms first. 


Denominate Numbers 

8. When a number is used in connection with measures, it becomes a de- 
nominate number, that is, a named number. Numbers are of the same denomina- 
tion when they are combined with the same unit of measure, as 2 pounds and 
7 pounds, A foot and an hour are also units of measure, but of different kinds. 
Notice that a denominate number is a special kind of concrete number! 

If a denominate number consists of units of measure of only one denomina- 
tion, it is called a simple denominate number or a simple number. For example, 
14 inches is a simple number because it contains units of measure of only one 
denomination, namely, inches. The denominate numbers 16 cents, 10 hours, 
6 gallons are all simple denominate numbers, but they are not of the same kind. 

If you have a combination of simple denominate numbers of different de- 
nominations, the combination is called a compound denominate number, or a 
compound number. For example, 3 yards 2 feet 7 inches is a compound number 
because it is a combination of three different denominations: yards, feet, and 
inches. Notice that these denominations are of the same kind; that is, all of 
them are measures of length. Other examples of compound numbers are 2 pounds 
3 ounces 10 grains, 5 gallons 3 quarts 1 pint, 10 hours 14 minutes.32 seconds. 
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A unit measure that is larger than another unit measure is said to be of a 
higher denomination. If it is smaller than another unit measure, it is of a lower 
denomination. Thus, a foot is of a higher denomination than an inch, but it is of 
a lower denomination than a yard. 


Systems of Measure 

4. In modem practice two systems of measures are employed: the English 
system and the metric system. The English system is in general use in the United 
States, Great Britain, and Canada. The metric system is used on the European 
continent and to some extent in the United States, as for instance, in chemistry 
and pharmacy. This system is a decimal system. That is, the values of the different 
units of the same kind increase or decrease by tens, 10 units of each denomination 
making 1 unit of the next higher denomination. 


Abbreviations of Units 

5. In writing denominate numbers, it is convenient to use abbreviations in- 
stead of writing out the name of the unit in full. For example, the names inch 
and inches may be abbreviated to in. Thus we write 5 in. instead of 5 inches. 
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Similarly, 8 ft means 8 feet. The abbreviations commonly used for the various units 
are given later in the text. Also given are tables which show the relation between 
various units of measure of the same kind. Don’t try to memorize these tables as 
such. You will soon become familiar with the units that are most commonly used. 


Check Your Learning 

By now you should be familiar with this type of instruction and you should need no 
introduction to it. 

As before, the statements are numbered consecutively throughout the text. You'll 
again find the correct answer slightly below and to the right of each statement. Cover 
our answer with a piece of paper, and complete the statement by writing the best an- 
swer you can in the space provided. Then compare your answer with ours. If your 
answer is correct, go on to the next statement. If your answer is not correct, review the 
section of the text on which the statement is based. 


1, A_——_sonumber is a named number. 
(denominate) 


number. 
(concrete) 


2. A denominate number is a special kind of ____ 


3. A simple number is a denominate number that consists of units of measure of only 
denomination (s). 
(one) 


4. The combination of simple denominate numbers of different denominations is called 


a number. 
(compound) 
5. A foot is of a (higher, lower) denomination than an inch. 
(higher) 
6. A foot is of a (higher, lower) denomination than a yard, 
(lower) 


7. The abbreviation for inches is 


(in.) 


Lines and Points 

6. You probably think of a line as a mark made with a pencil. Such a mark 
is one kind of line. However, a line does not have to be an actual mark. There 
are many other kinds of lines. For example, an edge of a sheet of paper or an 
edge of some other object may be considered a line, 

A point may be a small dot made with a pencil. For instance, a dot like the 
dot in the letter i may be called a point. However, a point may also be a position 
that is not actually marked. In making a measurement on an object, you may 
imagine that a point is located in a certain position without actually making a 
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mark at the point. For instance, a corner of a sheet of paper may be considered 
a point. 

In Fig. 1(a) there is a line with dots marking points at the ends ofa line and 
at a place on the line between the ends. A similar line is shown in (b) without 
dots. However, the ends of this line are really points, and a point can be located 
any place on the line between its ends. In (a) and (b) we used the letters A and B 
to refer to the points at the ends of the line. These points are called point A and 
point B, and the line joining these points is called line AB or line BA. We also 
used the letter C in (a) to refer to a point on the line between its ends. The part 
of the line between A and C is called line AC, and the part between B and C 
is called line BC. Lines, such as AC and BC, that have definite end points are 
called line segments. You will often see a small line written over the letters des- 
ignating the end points. Thus AC and BC are ways of referring to the line 
segments AC and BC. 


A c B 
(a) 

A B 
(b) 


Fic. 1. StraticHtT Lines 
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Straight and Curved Lines 

7. Either of the lines in Fig. | is called a straight line because it is drawn 
directly between the two points A and B. There can be only one straight line 
between two given points. The length of a straight line is the distance between 
the end points. Thus you can find the length of the line AB by measuring the 
distance from point A to point B. Likewise, you can find the length of part AC 
by measuring the distance from A to C. 

Not all lines are straight lines. Some are curved. A curved line is shown in 
Fig. 2. The length of a curved line is the distance between its ends measured along 
the line itself, You can see that the length of a curved line is greater than the 
length of the straight line that could be drawn between the ends of the curved 
line. As stated, the distance between two points is understood to be the length of 
the straight line joining the two points. If the distance along a curved line be- 
tween the points is meant, the exact form of the curved line must be given. 


EN 


Fic. 2. Curvep LINE 


8 Practica, ARITHMETIC, Part 5 


Fic. 3. Circle 


The Circle 

8. There are many kinds of curved lines, but the only kind we shall consider 
in this text is the circle. A circle is shown in Fig. 3. All points on a circle are at 
the same distance from a point A within it. This point is called the center of the 
circle. Thus the length of the straight line from the center A to any point B on the 
circle is the same as the length of the straight line from A to any other point C 
on the circle. 


A line from the center of a circle to any point on the circle is called a radius 
of the circle. Lines AB and AC in Fig. 3 are radii (the plural of radius) of the 
circle. Any line through the center of a circle joining two points on the circle is 
called a diameter. The line DE in Fig. 3 is a diameter of the circle. 

The part of a circle between any two points on the circle is called an arc of 
the circle. For example, the part of the circle in Fig. 3 between the points B and C 
is the arc BC. 


Angles 

9. An angle is the opening between two straight lines that meet at a point. 
Thus, in Fig. 3, the lines AB and AC form an angle called angle BAC or angle 
CAB at the point A. The lines AB and AC are the sides of the angle, and the 
point A at which they meet is called the vertex of the angle. An angle designated 
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Fic. 4, Posirions oF MINuTE HANp oF CLock 


by three letters always has the vertex letter in th middle, as A is in the middle of 
both BAC and CAB. 

You will obtain a clearer picture of what an angle is and how angles are 
measured if you imagine the minute hand of a clock moving around the face of 
the clock. Begin when the minute hand is at 12. The radius OA in F ig. 4 indicates 
the position of the hand at this point. The radius OB indicates the position of the 
hand } hour later; the radius OC indicates the position 4 hour later; and the radius 
OD indicates the position } hour later. And finally, + of an hour later, the hand 
has reached its starting position OA. 

As the hand of the clock in Fig. 4 moves from its first position, on radius OA, 
through the position on radius OB to the position on radius OC, the angle be- 
tween the radius OA and the hand increases in size. Also, the arc of the circle 
between the end of the hand and its first position A becomes longer. You can see 
from this, or from an actual clock, that the angle AOB between the radius OA and 
the radius OB through which the hand passes in the first + hour is equal to the 
angle BOC between the radius OB and the radius OC through which the hand 
passes in the second } hour. 

Likewise, the length of the arc AB, Fig. 4, through which the end of the hand 
moves in the first } hour, is equal to the length of the arc BC, through which it 
moves in the second } hour. Also, the angle COD and the angle DOA, through 
which the hand passes in the third 4 hour and the fourth + hour, are each equal 
to the angle AOB. For the same reason the length of the arc CD or the arc DA 
is equal to the length of the arc AB. Therefore, the angle between any two radii 
of a circle can be measured by the length of the arc of the circle between the 
radii. Thus the angle AOB, Fig. 4, may be measured by the length of the arc AB, 
and the angle BOC may be measured by the length of the arc BC. 


Check Your Learning 


8. A point may be a that is not actually marked. 


(position ) 


9. Lines that have definite end points are called 


(line segments) 
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10. There can be only ______ straight line between two given points. 


(one) 
ll. A straight line is the distance between two points. 
(shortest) 
12. All points on a circle are at the ________ distance from the center of the circle. 
(same) 


13. A line from the center of a circle to any point on the circle is called a(n) 


(radius) 


14. The part of a circle between any two points on the circle is called a(n) 
of the circle. 
(are) 
15. A straight line that passes through the center of a circle and joins two points on 
the circle is a(n) 
(diameter) 


16. The length of an arc of a circle measures the_____———_ formed by the radii. 
(angle) 


Units of Measure of Angles 

10. For the purpose of measuring angles, a circle is divided into 360 equal 
parts. Each such part is called a degree. Thus there are 360 degrees in every circle 
or complete revolution. A degree is further divided into 60 equal parts each of 
which is called a minute. Each minute is divided into 60 seconds, as shown in 
Table 1. 

As you may already know, the word “degree” is also the name of a unit for 
measuring temperature. And the minute and the second are also the names of 
units of time. So, unless there is no doubt that the words “degree,” “minute,” and 
“second” refer to angles, you should use the terms “degrees of angle,” “minutes of 
angle,” and “seconds of angle.” 

Degrees, minutes, and seconds of angle are usually indicated by the symbols 
°, ’, and ”, Thus, 25°18’30” means 25 degrees 18 minutes 30 seconds. You will 
note that the symbols for minutes and seconds of angle are the same as the 
symbols for feet and inches. However, you will always know which units are 
meant when these symbols are used. 


TABLE 1 


Common UNITs ror MEASURING ANGLES 


Idegree = 60 minutes 
l minute = 60 seconds 


1 degree = 3600 seconds 
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When the size of an angle or an arc is not a whole number of degrees, a part 
of a degree may be indicated by a decimal or a fraction. Thus, an angle may be 
given as 36.25° or as 364°. However, since a degree is divided into 60 minutes 
and a minute is further divided into 60 seconds, part of a degree can also be ex- 
pressed in minutes or in minutes and seconds. Thus 36.25° can be expressed as 


36°15/00”. 


Right Angle 

11. An angle that contains 90° is commonly called a right angle. Since there 
are 360° in an entire circle, a right angle is one-fourth of a circle. Thus each of 
the four angles AOB, BOC, COD, and DOA in Fig. 4 is a right angle. 

The two lines that form a right angle are said to be perpendicular, perpen- 
dicular to each other, or at right angles to each other. Thus the straight lines AC 
and BD in Fig. 4 are perpendicular. 


Practice Problems 


First try to find the answer to each of the following problems without referring to 
the preceding explanations. If you do not know how to find the answer to a problem, 
try to find how to do it in the preceding parts of this text before you look at the answer 
given at the back of the text. After you have studied the next portion of the text, come 
back to these problems and see if you can answer them without referring to the text. 


) 
How many degrees are there in 540’? i a 


Express 23.75° in degrees and minutes. A3°Y $ 
Use symbols to write two degrees thirty-five minutes fourteen seconds. 
How many minutes are there in 45°? = 2. 770) 

Express 36.5° in degrees and minutes. 3 6° 50° 

Write sixteen degrees twenty-two minutes five seconds by using symbols. 
How many seconds are there in 41’? 2460 


SU SU © bo 


Units of Length in the English System 

12. Any unit of measure used to give the length of a line is called a unit of 
length. Thus, the mile, the yard, the foot, and the inch are units of length. These 
units are used -in a system of measures known as the English system. As we said 
before, this system is used for ordinary purposes in the United States, Canada, and 
Great Britain. 


The relations between the most commonly used units of length in the English 


TABLE 2 


Units oF LeNcTH IN ENGLISH SysTEM 


1 foot . = 12 inches 1 rod = 163 feet 
1 yard = 3 feet 1 furlong = 220 yards 
1 mile = 5280 feet 1 fathom = 6 feet 


1 nautical mile = 6080 feet 
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system are given in the left-hand portion of Table 2. In the right-hand part of 
the table there are units of length that are used less often. It is common practice, 
when the word “mile” is used without any special explanation, that a statute mile 
of 5280 feet is understood. As a matter of fact, the term “statute mile” is seldom 
used in ordinary speech and writing. This kind of mile is the unit for measuring 
distances on land, on a lake, or on a river. For measuring distances on an ocean, 
the nautical mile — 6080 feet — is used. Unless it is obvious that a nautical mile is 
meant, the word “nautical” should never be omitted when referring to this unit. 

The rod is used mostly for measuring the length of a fence. There are 320 rods 
in a mile. The furlong is used for measuring distances in horse racing and some- 
times in foot racing. There are 8 furlongs in a mile. The fathom is used for" meas- 
uring the depth of the water in an ocean or other body of deep water. 

The abbreviations for English units of length are in. for inch or inches, ft for 
foot or feet, and yd for yard or yards. A period is used only in the abbreviation 
for inch. It is used there so that the abbreviation and the word “in” will not be 
confused. A period is not needed, and it is customary not to use it, in the abbre- 
viations for foot and yard. Notice that each abbreviation stands for both the 
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Bld 2 Toray 


eae 


Po EHR Ry 
S| ss 
mm 


singular and plural name of the unit. Never add an s to any of these abbreviations 
to make it plural. 

As we have already mentioned, on drawings and in some calculations the 
symbol ’ is commonly used to indicate feet and the symbol ” to indicate inches. 
Thus 2/63” means 2 feet 64 inches. From this point on in the text, we shall use 
abbreviations for most units of measure after we have introduced them. This will 
help you become familiar with the abbreviations. 


Special Customs 

13. A distance less than i in. may be stated either as a fraction of an inch or 
as a decimal of an inch. The way it is given depends on the value and on the 
kind of work. For example, carpenters and other men in the building trades 
always use fractions, such as 1/2, 3/4, 5/8, and 9/16, because extreme accuracy 
in their measurements is seldom required. Mechanics generally use decimals, such 
as 0.25 or 0.250, 0.125, and 0.0625, because many of their measurements must-be 
very precise. 

A distance less than 1 ft is usually given either in inches or as a decimal of a 
foot. For instance, men in the building trades and many engineers use values 
such as 7} in. and 11} in. Surveyors would use 0.65 ft and 0.958 ft instead. A 
fraction of a foot is seldom used. 

For work in which inches are used, a distance may be given in feet and 
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inches, as for example, 4 ft 85 in. Where inches are not used, a distance may be 
given in feet and a decimal part of a foot, as 18.15 ft. Occasionally a number of 
inches is changed to a fraction of a foot. For instance, 18} ft might very well be 
written instead of 18 ft 6 in. However, you would never write 18,5 ft instead of 
18 ft 7 in. 

A distance that is not a whole number of miles may be given either as a mixed 
number (an integer with a fractional part) or as a mixed decimal (an integer with 
a decimal part). Examples are 103 miles and 18.2 miles. It is not a common 
practice to give a distance in miles and yards or in miles and feet. If a value 
expressed with a simple fraction of a mile or expressed to the nearest tenth of 
a mile is not accurate enough, the entire distance should be given in feet or in 
yards. For instance, 8240 feet would be used instead of 1 mile 2960 feet, and 3000 
yards would be used instead of 1 mile 1240 yards. 
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Units of Length in the Metric System 

14. The basic unit of length in the metric‘system is the meter. Larger units are 
defined by multiplying the meter by 10 or by a multiple of 10. The only larger 
unit in common use is the kilometer, which is 1000 meters. 

Units smaller than the meter are defined by dividing the meter by 10 or by a 
multiple of 10. Only two of the smaller units are in common use. These are the 
centimeter and the millimeter. There are 100 centimeters in 1 meter. Therefore, 
1 centimeter is ;4,, or 0.01, meter. There are 1000 millimeters in 1 meter, so 1 milli- 
meter is z 55, or 0.001, meter. And, of course, if 1 centimeter is 10 millimeters, 
then 1 millimeter is 75 centimeter. 

The abbreviations for the common metric units of length are m for meter or 
meters, km for kilometer or kilometers, cm for centimeter or centimeters, and 
mm for millimeter or millimeters. No period or s is used with any of these 
abbreviations. 

A meter is equal to 39.37 in. But a meter is also equal to 100 cm, so 39.37 in. 
equals 100 cm. The number of centimeters in an inch is the quotient obtained by 
dividing 100 by 39.37, or 100 + 39.37 = 2.54. Thus, 1 in. is equivalent to 2.54 cm. 


Check Your Learning 


17. The mile, the yard, the foot, and the inch are units of measure in the 
system of measure. 


(English) 
18. There are 5280 ft in a 
(mile) 
19. The abbreviation for foot and feet is 
(ft) 
20. The abbreviation for meter or meters is 
(m) 
21. The abbreviation mm is used for 
(millimeter) 
22. The basic unit of length in the metric system is the 
(meter) 


23. Units smaller than a meter are defined by dividing the meter by ten or by a 
multiple of 


(10) 
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24. There are______ feet in one yard. 


(3) 
25. There are 12 in.in_____ftt. 
(one) 
26. A meter contains ___——s cm. 
(100) 
27. There are________———_in. in a meter. 
(39.37) 


ExaMe_eE 1. A piece of shafting is 7 ft long. What is its length in inches? 


Sotution. According to Table 2, 1 ft = 12 in. Therefore, 7 ft must be equal to 
Tex 2 == B4, Tie ans: 


ExAMPLE 2. The width of a door is 48 in. What is the width in feet? 


Sotution. According to Table 2, 12 in. = 1 ft. Therefore, the number of feet in 
48 in. is 48 +12=4 ft. Ans. 


ExAMPLE 3. How many feet are there in 3 statute miles? 


Sotution. According to Table 2, 5280 ft = 1 mile. Therefore, 3 miles must be 
equal to 3 X 5280 = 15,840 ft. Ans. 


Practice Problems 


How many feet are there in 51 yd?P 

A board is 10 ft long. What is its length in inches? 

The distance between two poles is 300 ft. How many yards apurt's are they? 
How many feet are there in 10 miles? 

How many centimeters are there in 6 meters? 

A bolt is 3 in. long. What is its length in centimeters? 

A ship traveled 36,480 ft. How many nautical miles did it travel? 

A field is 16 rods long by 30 rods wide. What are these measurements in feet? 
How many inches are there in 25 meters? 

A wire is 630 cm long. Give the length in meters. 


SOOO ED Um CONBS: 


bon 
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Fic. 5. SuRFACES 


Measurement of Areas and Volumes 


Surfaces 
15. The top of a table is a surface, and the outside of a ball is also a surface. 


The table top and many other surfaces, such as a wall of a room, a blackboard, 
or a pane of glass, are intended to be flat. Such surfaces are called plane surfaces 
or planes. Other surfaces, such as the outside of a ball, a pipe, or a funnel, are 
curved surfaces. An object shaped like a pail has both a flat, or plane, surface 
and a curved surface. 

Any plane surface of an object is bounded by definite lines. Each distinct part 
of the outside of an object is usually considered a separate surface. For example, 
when you look at a block of wood shaped like that shown in Fig. 5, you see three 
separate surfaces. One of these surfaces is bounded by the four straight lines 
AB, BC, CD, and DA. Another surface is bounded by the four straight lines AB, 
BE, EF, and FA. The third surface is bounded by the four straight lines AD, DG, 
GF, and FA. The block also has three other surfaces. These cannot be seen when 
you look at the three surfaces shown, but they are similar to the visible surfaces. 


Square 

16. In order to understand what is meant by the area of a surface and to learn 
how units of area are used, you must know what a square is. A square is repre- 
sented in Fig. 6. It is a plane surface, or part of a plane surface, bounded by four 
straight lines. All four of these lines must have the same length, and they must 
so meet one another that they form a right angle at each corner of the square. 
In other words the sides are perpendicular, or they are “square.” Thus in Fig. 6 


D Cc 
Fic. 6. SQUARE 
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ak 1 Ft +p Aa 2 Inet —__|5 
: — 


an 
| 


the four lines AB, BC, CD, and DA have the same length and each of the angles 
is a right angle. Each of the four lines is called a side of the square. 


“3 
gt 
| 


=F In.=1 Ft 


(a) Cc (b) 1 In od 


Fic. 7. RELATION BETWEEN UNits oF AREA 


Units of Area 

17. The size of a surface or of a part of a surface is its area. The term “area” 
means the extent of a surface within its boundary lines. For example, the area of 
a floor is the extent of the visible surface limited by the four surrounding walls. 
Since area refers to extent of surface, its unit of measurement must be a surface 
also. The unit of area is a square. 

Various units are used to measure areas. A unit of area is the size of a surface 
included in a square each side of which is of unit length. If the length of each 
side of the unit square is 1 in., the unit of area is‘a square inch. If the length of 
each side of the unit square is 1 ft, the unit of area is a square foot. If the length 
of each side of the unit square is 1 cm, the unit of area is a square centimeter. 
Thus the name of each such unit of area consists of the word “square” in front of 
the name of a unit of length. The abbreviation for any unit of area of this kind 
is the abbreviation sq for the word “square” plus the abbreviation of the name of 
the unit of length. Thus, sq in. stands for square inch and sq ft stands for square 
foot. 


How Units of Area Are Related 

18. To see the relation between a unit of area with one name and a unit of 
area with another name, compare (a) and (b) of F ig. 7. In (a) each side of the 
square ABCD is | ft long and the area of the square is 1 sq ft. Also, the length of 
each of the four lines AB, BC, CD, and DA in (b ) is 1 ft, and the square ABCD 
has an area of 1 sq ft. This area of 1 sq ft is shown separated into a number of 
smaller squares. Each side of these smaller squares has a length of 1 in. So the 
area of each of these smaller squares is 1 sq in. 

Since there are 12 in. in 1 ft, there are 12 small squares in each row across 
Fig. 7(b) and there are 12 rows. Therefore, the total number of small squares in 
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TABLE 3 


Units oF AREA 


1 square foot = 144 square inches 

1 square yard = 9 square feet 

1 acre = 43,560 square feet 

1 square mile = 640 acres 

1 square centimeter = 100 square millimeters 


the square ABCD is 12 x 12, or 127. The number 12? is equal to 144. In other 
words, 1 sq ft contains 144 sq in., or the number of square inches in a square foot 
is the square of the number. of inches in a foot. 

The observation of the preceding paragraph should suggest a general pro- 
cedure, namely, that no matter which two units of area you are dealing with, you 
can find how many of the smaller units are contained in the larger unit by squar- 
ing the number of smaller linear units that are contained in the larger linear unit. 
For example,, since there are 3 ft in 1 yd, the number of square feet in a square 
yard is 3°, or 9. In Part 4 of Practical Arithmetic we used a similar method to ex- 
plain why the second power of a number is called its square. 

A special unit of area commonly used for measuring land is the acre. There 
are 640 acres in a square mile. Since the number of square feet in a square mile 
is 5280°, or 27,878,400, you can easily see that the number of square feet in an 
acre is 27,878,400 + 640, or 43,560. The relations between the common units of 
area are shown in Table 3. 


Area of a Square 

19. We shall now explain the procedure for finding the area of a square when 
you know the length of a side of the square. Applying this procedure will fix the 
ideas concerning units of area in your mind. All you have to do is to find the 
Square, or second power, of one side. However, you must be careful to use the 
proper units. 


Exampte 1. If each side of a square is 6 ft long, what is the area of the square 
in square feet? 


SotuTion. To find the area in square feet, square the length of a side in feet. The 
product of 6 and 6 is 36. So 


Area = 6? = 6 X 6= 36 sq ft Ans. 


EXAMPLE 2. Each side of a square is 4.6 in. long. Find the area of the square in 
square inches to the nearest tenth of a square inch. 


So.ution. First you should consider the units in which the area is to be expressed. 
Since you want the area in square inches and the length of the side is given in inches, 
you need only square the length of the side. The work is as follows: 


Area = 4.6? = 4.6 X 4.6 = 21.16, or 21.2 sq in. Ans. 
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[* 6 in. | Rad 6 in. = 


/ HEHE 
‘ | | ’ 
(a) (0) 


Fic. 8. RECTANGLE 


The Difference Between Square Feet and Feet Square 

20. Expressions such as 4 square feet and 4 feet square do not mean the same 
thing. When we say a surface is equal to 4 sq ft, we refer to its area. And from 
the preceding paragraphs we know that, if a square is said to have an area of 
4 sq ft, each of its sides must have a length of 2 ft, because 2 xX 2 = 4 sq ft. 

The expression “4 feet square” does not refer to the area of a surface. It does 
refer to the length of the sides of a square, and it means that each side of the 
square is 4 ft in length. The area of this square, therefore, is 4 x 4 = 16 sq ft. 


Application of Square Measure 

21. A square inch, a square foot, a square yard, and so on, belong to the units 
of square measure, which is employed for measuring the extent of areas such as 
floors, building lots, and farms. Square measure is also used to determine the 
surface areas of objects such as engine cylinders, condensers, and pipes. Small 
areas are measured in square inches or square feet, and larger areas are measured 
in square yards, square rods, acres, and square miles. 


Areas of Squares 

22. Instead ef finding the area of a square surface by counting the number of 
small squares contained by it, it is possible to find this area more easily simply 
by multiplying the length of the square by its width. Thus, referring to Fig. 7(b), 
there are 12-rows of little squares and 12 squares in each row, or 12 x 12 = 144 
sq in. This is the result we would obtain by counting. When you use this method 
of multiplying the length by the width, the length and the width must be in the 
same units. In Fig. 7(b) both the length and the width are in inches, so the area 
is in square inches. In Fig. 7(a) the length and the width are given in feet, so the 
area is 1 ft x 1 ft = 1 sq ft. 


Areas of Rectangles 

23. Sometimes the area to be measured is a rectangle. This is a figure similar 
to the one shown in Fig. 8. It differs from a square because not all of its sides are 
of equal length. Only the sides that are opposite each other are equal. The area 
of a rectangle is found in the same way as the area of a square is found. That is, 
you multiply the length by the width. Again, both length and width must be 
expressed in the same units! 

Thus, if a rectangle is 6 in. long and 4 in. wide, its area is 6 X 4 = 24 sq in. 
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This can be proved, as shown in Fig. 8(b), by dividing each side into inches, 
drawing lines across the figure from the points of division, and counting the 
number of squares thus formed. Each of these squares is 1 in. on each side, or 
1 sq in. in area, and there are 24 squares in all. Hence the area of the rectangle 


is 24 sq in. 

ExaMPLE 1. How many square inches are there in a rectangle 28 in. long and 
13 in. wide? 

SotuTion. Multiply the length by the width; thus the area is 28 x 13 = 364 sq in. 


Ans. 
ExaMPLe 2. A sheet of copper is 4 ft long and 3 in. wide. What is the area of its 
surface? 


Sotution. Both dimensions must be expressed in the same units. When we reduce 
4 ft to inches, the result is 12 x 4 = 48 in. The area, then, is 48 X 3 = 144 sq in. Ans. 

When we reduce 3 in. to ft, the result is 3 x ts = 4 ft. Then, the area is 4 X 4 = 
1 sq ft. Ans. 

Note that the two answers, 144 sq in. and 1 sq ft, are equal. 


ExaMPLe 3. The base of an office cabinet is 6} ft long and 2} ft wide. What area 
of floor space does it cover? Express the answer to the nearest tenth of a square foot. 


So.tuTion. The area is the product of the two dimensions: 


6} X 24 = 6.25 x 2.5 = 15.625, or 15.6 sq ft Ans. 


Check Your Learning 


28. Flat surfaces are called surfaces. 
(plane) 


29. In calculating the area of a surface, the dimensions must be expressed in the same 


(units ) 
30. A square has four equal sides and four right 
(angles) 
31. The unit of area is a 
(square) 
32. One square foot contains sq in. 
(144) 
33. If the side of a square is 3 in., the area is JL Sarin. 
(9) 


34, The area of a rectangle is found by multiplying the _____————sriéby’:«s tthe 


(length) (width) 
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Fic. 9. CuBE 


Practice Problems 


1. How many square inches are there in the top of a desk 3 ft long and 27 in. wide? 

2, A janitor wishes to wax the floor of a hall 30 yd long and 60 in. wide. How many 
square feet of floor space must he cover? 

3. There are 12 panes of glass in a window. Each pane is 10” by 14”. How many 
square inches of glass are there in each window? 

4. A man wishes to paint both sides of a tight board fence which is 20 ft long and 
64 ft high. How many square yards of surface will he paint? 

5. A shopkeeper has four shelves along one side of his store. Each shelf is 20 ft long 
and 15 in. wide. How many square feet of shelf space does he have? 

6. What is the area of a square plot of ground which is 90 ft on a side? 

7. Which has the larger area, a square that is 10 ft on a side or a rectangle that is 
20 ft long and 5 ft wide? 


Meaning of Volume 

24, Volume means the amount of space occupied by an object. For example, 
a block of wood like the one shown in Fig. 5 takes up a certain amount of space. 
That amount of space is the volume of the block. Likewise, the amount of space 
occupied by a certain quantity of water or other liquid is the volume of that 
liquid. And the amount of space occupied by a certain quantity of air or other gas 
is the volume of that gas. 

The term “volume” is also used to indicate the amount of space inside a con- 
tainer. For example, the volume of a bottle is the amount of space in the bottle. 
The volume of the bottle is the same as the volume of liquid that the bottle will 
hold. The volume of a container is often called its capacity or its cubic contents. 


Cubic Measure 

25. A solid is a figure that has length, width, and thickness. The boundaries of 
a solid are called surfaces. A solid bounded by six squares, as shown in Fig. 9, is 
called a cube. If the solid is bounded by six rectangular surfaces, it is a rectangu- 
lar solid. The space included between the bounding surfaces of a solid is called 
the cubic contents, capacity, or volume of the solid. 

The unit of volume is a cube the edges of which are of a length equal to the 
corresponding unit of length. Thus, 1 cubic inch is the volume of a cube that 
measures | inch on each edge. Also, 1 cubic foot is the volume of a cube that 
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TABLE 4 


Units oF Cusic MEASURE 


1728 cubic inches =.1 cubic foot 
27 cubic feet = 1 cubic yard 
128 cubic feet = 1 cord 


163 to 25 cubic feet = 1 perch 


measures 1 foot on each edge, and so on. The abbreviation for cubic is cu; thus 
1 cu in. is 1 cubic inch, 1 cu ft is 1 cubic foot, and so on. Some of the units of 


cubic measure are given in Table 4. 


How Units of Volume Are Related 

26. In Art. 18 you learned how to determine the number of square inches that 
are in a square foot. There you learned that, since 12? = 144, there are 144 sq in. 
in 1 sq ft. It would be natural for you to suppose that the same reasoning would 
apply to cubic measures. In other words, you would think that, since 123 = 1728, 
there are 1728 cu in. in a cubic foot. A glance at Table 4 of units of cubic 
measure will show you that your reasoning is correct. By using the same method, 
you can see that there are 27 cu ft in 1 cu yd because 3? = 27. Thus we cube the 
number of smaller linear units that are in the larger linear unit to find the relation 
between the cubic measures. From this you should see why the third power of 
a number is called its cube. 


Rule for Calculating Volume P 

27. The size of a solid is indicated by giving the dimensions of the solid con- 
nected by the word “by.” For example, we would refer to a rectangular solid 
3 ft wide, 2 ft deep, and 6 ft long as being 3 ft wide by 2 ft deep by 6 ft long. 
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Frequently, this expression is shortened by using the symbol x for the word “bya 
and omitting the words “wide,” “deep,” and “long.” Thus, we have 8 ft x 2 ft x 
6 ft, where X is read “by.” 

The volume of any rectangular solid is the product of its three dimensions. For 
example, a box with inside dimensions 2 ft x 4 ft x 8 ft contains 2x 4x 8 = 64 
cu ft. An iron bar 10 ft (or 10 x 12 in.) long, and with end surfaces that are each 
1 in, square contains (10 x 12) xX 1 X 1 = 120 cu iin. 

A cube 2 ft on each side is a 2-ft cube, and it contains 2 x 2 xX 2=8cu ft, as 
shown in Fig. 10. Be sure to note that there is a difference between the terms 
“cubic feet” and “feet cube” just as there is a difference between “square feet” 
and “feet square.” In other words a 2-foot cube is not the same as 2 cubic feet, 

To find the volume of a cube or a rectangular solid, multiply together the 
length, width, and depth, all expressed in the same units. If the dimensions are 
stated in inches, the volume will be expressed in cubic inches; if in feet, the 
volume will be given in cubic feet. If the dimensions are given in both feet and 
inches, they must be converted to the same units, either feet or inches, before 
any calculations are made. 


EXAMPLE 1. What is the volume of a bin 14 ft long, 8 ft wide, and 6 ft high? 


So.ution. Volume = length x width x depth 
=14xX8x6=672cuft Ans. 


ExaMPLe 2. How. much metal is there in a block 4’6” long, 8” wide, and 2” thick? 
SoLuTion. a. Using dimensions expressed in feet, 
Volume = 44 xX 3X4=2X3X4=4,0r05cuft. Ans. 
Sotution. b. Using dimensions expressed in inches, 
Volume = 54 x 8 X 2 = 864 cuin. Ans. 
Note the } cu ft is equal to 1728 + 2 = 864 cu in. 


Check Your Learning 


35. The amount of space occupied by an object is its 


(volume) 
36. A figure that has length, width, and height is called a 
(solid) 
37. A rectangular solid is bounded by six surfaces. 
(rectangular) 
38. The volume of a cube that measures 1 ft on each edge is , 
(1 cu ft) 


39. There are _scu in. in 1 cu ft. 
(1728) 
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TABLE 5 


Units oF Liguip MEASURE 


1 quart = 2 pints or l pint = # quart 
1 gallon = 4 quarts or 1 quart = # gallon 
1 U.S. gallon = 231 cubic inches 
1 cubic foot = 7.481 U.S. gallons 
1 imperial gallon = 277.42 cubic inches 
1 liter = 1000 cubic centimeters 
1 liter = 1000 _ milliliters 
40. There are _____ cu ft in 1 cu yd. 


(27) 


Practice Problems 


1. What is the volume of a cardboard carton 18” long, 8” wide, and 15” high? 

2. How much metal is there in five bars each of which is 2/3” long, 6” wide, and 
3” thick? 

3. How many cubic yards of dirt could be removed by excavating a hole 50’ by 30’ 


by 10’? 
4, What is the volume of a cube which is 3.5’ on an edge? 


Units of Liquid Measure 

28. There are special units for measuring the volume of liquids. Examples of 
liquids are water, milk, and oil. In the English system the names of the units 
commonly used for measuring liquids are the pint, the quart, and the gallon. The 
relations between these units are given in Table 5. 

The gill (pronounced “jill”) is used for measuring small amounts; the barrel 
is used for measuring large amounts. There are 4 gills in 1 pint, and 1 barrel 
contains 31} gallons. The hogshead, which is equal to 2 barrels, is rarely used 
nowadays. 

The term “barrel” is sometimes used to refer to a container of a certain shape, 
even though its volume is not 31} gallons. That is why it is not always safe to 
assume that anything called a barrel holds 314 gallons. For example, the barrels 
used for crude oil and petroleum products hold 42 gallons each. 

The abbreviations for the common units of liquid measure are pt for pint or 
pints, qt for quart or quarts, gal for gallon or gallons, and bbl for barrel or barrels. 

The gallon used in the United States is not the same as the gallon used in 
Canada and Great Britain. The United States gallon has a volume of 231 cu in., 
and so there are 7.481 United States gallons in a cubic foot. The gallon used in 
Canada and Great Britain, called the imperial gallon, has a volume of 277.42 cu in. 
It is obvious that the imperial gallon is larger than the United States gallon. 
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TABLE 6 


ENcuiisH Untrs or Dry MEASURE 


l peck = 68 quarts or 1 quart = 4 peck 
1 bushel = 4 pecks or 1 peck = 4% bushel 


1 U.S. bushel = 2150.42 cubic inches 
1 imperial bushel = 2219.36 cubic inches 


Since 277.42 + 231 is about equal to 1.2, the imperial gallon is approximately 1.2 
United States gallons. When we use the gallon without any modifying words, you 
are to assume that we mean the United States gallon. 


In the metric system the basic unit for measuring liquids is the liter. Another 
smaller unit is the milliliter. There are 1000 milliliters in a liter. A liter has a 
volume of 1000 cu cm. These relations are listed in Table 5. The abbreviation 1 
is used for liter or liters, and ml stands for milliliter or milliliters. 


Units of Dry Measure 

29. Certain things, such as fruits, vegetables, and grains, are measured in units 
of dry measure. In the English system these units are different from those used for 
liquid measure. In the metric system, however, the liter is used for both liquid 
and dry measure. The names of the common English units are the quart, the peck, 
and the bushel. There are 8 quarts in 1 peck, and there are 4 pecks in 1 bushel. 
The United States bushel contains 2150.42 cu in., and the imperial bushel contains 
2219.36 cu in. 

The relations between the English units of dry measure are summarized in 
Table 6. The abbreviations are qt for quart or quarts, pk for peck or pecks, and 
bu for bushel or bushels. 

The dry quart is larger than the liquid quart. Since these two units are used 
for measuring different kinds of things, you should have no trouble knowing 
whether a liquid quart or a dry quart is meant when the term “quart” is used. 


Other Units of Volume: Board Measure 

30. A special kind of cubic measure is known as board measure. In measuring 
sawed lumber the unit of measure is the board foot. A board foot is equal to the 
volume of a board 1 ft square and 1 in. thick. A board foot, therefore, is equal to 
one-twelfth of a cubic foot. When the number of board feet in boards less than 
lin. thick is computed, the thickness is considered to be 1 inch. The abbreviation 
for board feet is fbm, which stands for “feet board measure.” “Board feet” and 
“feet board measure” mean exactly the same thing, but the abbreviation used is 
always fbm. 

For measuring wood the cord is sometimes used. A cord of wood is the amount 
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of wood in a pile 8 ft long, 4 ft wide, and 4 ft high. Such a pile contains 128 cu ft. 
Hence a cord equals 128 cu ft. 

To find the number of board feet in a piece of lumber, multiply together the 
length, in feet, the width, in inches, and the thickness, in inches, and divide the 
product by 12. Don’t forget to consider thicknesses less than 1 inch as 1 inch. 


Fxampte 1. How many board feet are there in a board 14 ft long, 8 in. wide, and 
1 in. thick? 
So.utTion. The number of board feet is equal to 
14x8xI1 
12 


ExampLe 2. How many board feet, to the nearest tenth, are there in a plank 
10 ft 6 in. long, 15 in. wide, and 3 in. thick? 


= 91 fbm Ans. 


Sotution. Length = 10 ft 6 in. = 10} ft = 10.5 ft. The number of board feet is 
10.5 x 15 x 3 
12 
EXAMPLE 3. Find the number of board feet (to the nearest tenth) in 20 pieces of 
siding 4 in. thick, 54 in. wide, and 10 ft 9 in. long. 


= 39.375, or 39.4 fbm Ans, 


SoLuTION. Since the thickness is less than 1 in., the boards are considered to be 
1 in. thick when finding the amount of material in them. Since 9 in. equals 3 ft, the 
length = 10.75 ft, and the width = 54 in. = 5.5 in. The number of board feet is 


20 X 10.75 X 5.5 X1_ 1182.5 


12 = 98.5 fbm Ans. 


Exampie 4. How many board feet of 2-in. planking are needed for a barn floor 
18 ft x 25 ftP 


SoLuTIoN. The planks are considered as 25 ft long. We first reduce the width of 
the floor to inches and consider the whole floor as one plank; the width is 18 xX 12 
= 216 in. Then, the number of board feet required is 


pox 26 xX 2 
12 


Exampte 5. A board is 9} ft x 4 in. X 1} in. How many board feet does it 
contain? 


= 900 fbm Ans. 


SoLuTion. Following the same method as before, the result is 


91x 4x 1} 


12 = 3.96 fbm Ans. 


Check Your Learning 


41. The pint, the quart, and the gallon are common units of measure for 


(liquids ) 
42. The imperial gallon is (larger, smaller) than the United States gallon. 


(larger) 


28 


43. 


44, 


45, 


46. 


47. 


48. 


49. 


50. 


Oo © NS 


= 
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The is the basic unit of liquid and dry measure in the metric 
system. 
(liter ) 
The quart, peck, and bushel are common units in English Ss measure. 
(dry) 
The unit of measure for sawed lumber is__- CS 
(board foot) 
The abbreviation for board feet is 
(fbm) 
Four quarts is equal to one 
(gallon) 
There are______ qt in a peck. 
(8) 
There are 1000 cu cm or 1000 ml in a 
(liter) 
A cord equals cu ft. 
(128) 


Practice Problems 


Change 20 gal to quarts. 

How many pint bottles of milk can be filled from 4 gal of milk? 

How many pecks of potatoes can a grocer make from 10 bushels of potatoes? 
Change 3456 cu cm to liters. 

How many pecks are there in 856 qt? 

How many board feet are there in a board 10 ft 6 in. long, 9 in. wide, and 3 in. 
thick? 

Find the number of board feet, to the nearest tenth, in 12 pieces of siding } in. thick, 
4} in. wide, and 9 ft 6 in. long. 
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Measurement of Weight 


What Weight Is 

31. Every object is pulled toward the surface of the earth by the force of 
gravity. This pull is known as the weight of the object. The weight of an object 
depends on its volume and on the material of which it is composed. An object 
that has a great weight for a small volume is heavy; one that has a small weight 
for the same volume is light. For example, iron and concrete are considered to be 
heavy, and wood is considered to be light. 


Avoirdupois Weight 

32. In the English system the weights of most objects are measured in avoir- 
dupois (pronounced “aver-do-poise”) units. The most common unit is the pound, 
abbreviated lb. Large weights are measured in tons, and small weights are given 
in ounces, abbreviated oz. The ton generally used contains 2000 Ib. Another kind 
of ton, still used for a few things such as railroad rails, contains 2240 lb. To dis- 
tinguish between these two kinds of tons, the ton of 2000 lb is called the short ton 
and the ton of 2240 lb is called the long ton. 

Another unit of avoirdupois weight you should know about is the grain. 
A pound contains 7000 grains. Since there are 16 oz in a pound, there are 
7000 + 16 = 4374 grains in 1 oz. The unit called the hundredweight is sometimes 
used for steel bars and steel shapes for structural work. As the name implies, a 
hundredweight is 100 Ib. The abbreviation for hundredweight is cwt. 

The relations between the units of avoirdupois weight are shown in Table 7. 


Other English Weights 

33. For jewels and for precious metals, such as gold, silver, and platinum, 
troy weight is used. The names of the commonly used units in troy weight are 
the grain, the pennyweight, the ounce, and the pound. The troy grain is the same 
as the avoirdupois grain, and the troy ounce contains 480 grains. But since the 
troy pound contains 12 oz, it has only 5760 grains, whereas the avoirdupois pound 
has 7000 grains in its 16 oz. The troy weight units and equivalents are listed in 
Table 8. 

In making up prescriptions, pharmacists use apothecaries’ weight, Table 9. The 
common units are the grain, the dram, the ounce, and the pound. The apothe- 


TABLE 7 


AvornpuPois WEIGHT 


1 pound = 16 ounces 
1 pound = 7000 grains 

1 short ton = 2000 pounds 
1 long ton = 2240 pounds 


1 hundredweight = 100 pounds 
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TABLE 8 


Troy WEIGHT 


1 pound = 12 ounces = 5760 grains 
1 ounce = 20 pennyweight 
1 pennyweight = 24 grains 


caries’ grain is the same as the avoirdupois grain and the troy grain. There are 
60 grains in a dram; 8 drams in an ounce; and 12 oz in a pound. The abbreviation 
dr stands for dram or drams. Note the similarity between the troy pound and the 
apothecaries’ pound. They are the same! 


Metric Units of Weight 

34. In the metric system the units of weight in common use are the gram, 
the kilogram, and the milligram. The gram contains 1000 milligrams, and the kilo- 
gram contains 1000 grams. An avoirdupois pound contains 453.6 grams, and 2.2046 
avoirdupois pounds make a kilogram. Another unit that is used occasionally is 
the metric ton, which contains 1000 kilograms. The abbreviation g stands for gram 
or grams; mg stands for milligram or milligrams; and kg stands for kilogram or 
kilograms. 


Gross Weight and Net Weight 

35. The gross weight of an article means the weight of the article itself plus 
the weight of the package, crate, or vessel in which it is contained. The net weight 
means the weight of the article alone. For example, the gross weight of a reel of 
wire is the weight of the wire and reel together, and the net weight of the wire 
is the gross weight minus the weight of the reel. 


ExaMpLe J. If a short ton of coal costs $16.00, how much does the coal cost per 
pound?P 

Sotution. According to Table 7 there are 2000 Ib in 1 ton. Since 1600 is the 
price of 2000 lb, it follows that the price of 1 lb is .,5 of 1600 or 1600 + 2000 = 0.8, 
or ;8,¢. If the price is to be expressed in dollars, the operation will be 16 + 2000 = 
0.008, or $0.008. Ans. 


ExaMpP_e 2, If a bag of sugar weighs 800 oz, what is its weight in pounds? 


TABLE 9 


APOTHECARIES WEIGHT 


1 pound = 12 ounces = 5760 grains 


l ounce = 8 drams 


ldram = 60 grains 
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Sotution. According to Table 7, 1 Ib = 16 oz. Therefore, dividing 800 by 16 will 


give the equivalent number of pounds. Thus, 


800 +16=50 lb Ans. 
ExampLe 3. How many grains are there in 1 Ib of goldP 


Sotution. According to Table 8, 1 Ib troy = 12 oz, and 1 oz is equal to 20 penny- 


weight of 24 grains each. Hence, 1 |b is equal to 


51. 


52. 


53. 


54, 


55. 


56. 


57. 


58. 


SURO bir 


2 


12 X 20 X 24 = 5760 grains Ans. 


Check Your Learning 


There are oz in an avoirdupois pound. 
(16) 
There are 2000 lb in a 
(short ton or ton) 


1000 g make one 
; (kilogram or kg) 


1000 mg make one 
(gram or g) 
There are oz in a troy pound. 
(12) 
A weight of 100 lb is called a 
(hundredweight) 


The weight of an article plus the package or vessel in which it is contained. is 
called the (gross, net) weight. 
(gross) 
The weight of the article alone is the (gross, net) weight. 
(net) 


Practice Problems 


Change 35 avoirdupois pounds to ounces. 

Change 38,964 Ib to hundredweight. 

An object weighs 5642 g. State the weight in kilograms. 

How many grams are there in 24 Ib? 

A druggist prepares a capsule containing 5 grains. How many capsules could he 
fill from a dram? 

A can of tomatoes contains 1 Ib 2 oz of tomatoes. The can itself weighs 2 oz. 
Twenty-four of these cans are packed in a cardboard carton weighing 14 Jb. Find 
the gross weight of the filled carton and the net weight of tomatoes. 
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Measurement of Time 


Days and Years 

36. The earth rotates on its axis. Also, the earth revolves around the sun. The 
amount of time required for the earth to make one turn on its axis is a day, and 
the amount of time required for the earth to make one journey around the sun is 
a year. Ten years is called a decade, and 100 years is called a century. 

The calendar year contains exactly 365 days, but actually there are nearly 
3654 days in a solar year. To compensate for the difference between a solar year 
and a calendar year, the fractional parts of several years (most often 4 years) are 
added periodically to one year, which is then known as a leap year. A leap year 
contains 366 days; the extra day is added to February. 

If the number expressing a year is divisible by 4, that year is a leap year, 
provided it is not also divisible by 100. A year that is divisible by 100 is a leap 
year only if the number expressing the year is also divisible by 400. Thus 1952, 
1956, 1960, and 1964 were leap years, because each of those numbers is divisible 
by 4 and is not divisible by 100. The year 1900 was not a leap year, because 1900 
is not divisible by 400 even though it is divisible by 100. The year 2000 will be a 
leap year, because 2000 is divisible by 400. Try these divisions for yourself. 


Months and Weeks 

37. In each year there are twelve months. April, June, September, and Novem- 
ber each have 30 days. January, March, May, July, August, October, and De- 
cember each have 31 days. February has 28 days in an ordinary year, but it has 
29 days in a leap year. 


Thirty days hath September, 

April, June, and November, 

All the rest have thirty-one 

Save February, which alone 

Has twenty-eight and one day more 
We add to it, one year in four. 


A particular day is identified by the name of the month, the number of the 
day in the month, and the number of the year. An example is December 6, 1965, 
or 6 December 1965. When the number of the day is given by its name instead of 
by a digit or digits, the ordinal number is used. Thus, you should say or write 
“December sixth” or “the sixth of December.” 

Each group of seven days is a week. In a year consisting of 365 days, there are 
52 weeks and one extra day. 


Hours, Minutes, and Seconds 

38. There are 24 hours in a day. An hour contains 60 minutes, and there are 
60 seconds in a minute. “Minute” and “second” are also the names of units used 
to measure angles, but the units of time and the units of angle are, of course, 
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different kinds of units. When you use the terms “minutes” and “seconds” to give 
information to another person, be certain that he will know definitely whether 
you are talking about time or an angle. The abbreviation for hour or hours is hr; 
the abbreviation for minute or minutes is min; and the abbreviation for second 
or seconds is sec. 


Time of Day 

39. The 24 hours in a day are numbered from | to 12 in two separate sets. 
An ordinary watch or clock shows hours from 1 to 12. The time at thé middle of 
the day is called 12 o’clock noon, and the time at the end of the day is called 
12 o'clock midnight. To distinguish between the two sets of numbers of hours, the 
period before noon is known as A.M. time, and the period after noon is known as 
p.M. time. These abbreviations are also printed as a.m. and p.m. 

To say what time it is, give the number of hours followed by the number of 
minutes past that hour. For example, at 25 minutes after 8 oclock, the time is 
eight twenty-five. This is written as 8:25. Note the colon (:) used to separate the 
hour from the minutes. If necessary, A.M. or P.M. is written after the time, as in 
1:45 p.m. At 12 o’clock noon the time is 12:00 a.M., and at 12 o’clock midnight it 
is 12:00 p.m. 

The armed forces use another method of indicating the time of day. In this 
method the hours in a day are numbered continuously beyond 12. If the number 
of hours is less than 10, a cipher is written in front of the number. The hours of 
A.M. time are numbered up to 11, and the hours of p.M. time are numbered from 
12 on. No colon is inserted between the number of hours and the number of 
minutes. For example, at 20 minutes after 8 o'clock in the morning, the time is 
written 0820 and is called “oh eight twenty.” At 45 minutes after 2 o'clock in the 
afternoon, the time is written 1445 and is called “fourteen forty-five,” 
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61. 


62. 


63. 


65. 
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Check Your Learning 


A calendar year contains days. 
(365) 
At. 2 eo SSO years: 
(decade) 
(Agm Sees i is. 100 years. 
(century) 
The year 1965 (is, is not) a leap year. 
(is not) 
There are _______ sec in a minute. 
(60) 
There are 60 min in an 
(hour) 
Twelve minutes after nine o’clock in the evening would be written 
(9:12 p.m.) 
Of the 12 months there are months that have 30 days each. 
(4) 


Practice Problems 


How many decades are there in a century? 

Give the numbers of the leap years between 1972 and 2010. 

How many days are there in 13 weeks? 

Find the total number of days in June, July, and August. 

My daughter was in the hospital 252 days. How many weeks was that? 
How would nine minutes after one o'clock in the afternoon be written? 
Write 23 minutes after 3 o'clock in the moming. 

How many days are there in 72 hours? 

In the armed forces what time is 1540? 
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Fic. 11. THERMOMETER 


Measurement of Temperature 


Thermometer 

40. The hotness or coldness of an object is indicated by its temperature. The 
temperature of a hot object is higher than the temperature of a cold object. 
However, the temperature of an object is not a measure of the amount of heat 
contained in the object. 

Thermometers are the instruments used for measuring temperatures. A simple 
type of thermometer is shown in Fig. 11. It consists of a glass tube that is sealed 
airtight at the upper end and has, at its lower end, a bulb filled with mercury or 
alcohol. This tube is supported on a suitable frame, which also carries a gradu- 
ated scale for the measurement of temperatures. As the temperature of the glass 
tube becomes higher, the liquid in the tube expands and its top surface rises. 
As the temperature becomes lower, the surface of the liquid drops. In this manner 
the position of the liquid surface on the scale shows the temperature of the glass 
tube and therefore the temperature of the surroundings. 
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Thermometer Scales 

41. Two systems for measuring temperature are in common use. One is the 
Fahrenheit system, and the other is the centigrade system. In both systems the 
unit of measure is a degree. However, a degree in one system does noé represent 
the same change in temperature as a degree in the other system represents. In the 
Fahrenheit system the temperature at which water freezes is called 32 degrees 
and the temperature at which water boils is called 212 degrees. In the centigrade 
system the temperature at which water freezes is called 0 degrees and the tem- 
perature at which water boils is called 100 degrees. These two temperatures, 
namely, the temperature at which water freezes and the temperature at which it 
boils, are the two points used to mark the scales on the thermometer. 

On the thermometer in Fig. 11 two scales are shown. The one at the left, 
with F at the top, is graduated according to the Fahrenheit system. The one at 
the right, with C at the top, is graduated according to the centigrade system. On 
each scale the small divisions represent degrees and the graduation marks at 0 
and at each multiple of 10 degrees are numbered. Note that the graduation mark 
representing 32 degrees on the Fahrenheit scale is opposite the mark representing 
0 degrees on the centigrade scale. Also, the mark representing 212 degrees on the 
Fahrenheit scale is opposite the mark representing 100 degrees on the centigrade 
scale. 

The Fahrenheit system is used for general purposes in the United States and 
other English-speaking countries. The centigrade system is used in scientific work 
in the United States and other English-speaking countries and for all purposes in 
many countries. 


Degrees of Temperature 

42. In the Fahrenheit system the number of degrees between the temperature 
at which water boils and the temperature at which water freezes is the difference 
between 212 and 32. This difference is 180. So a degree in the Fahrenheit system, 
or a degree Fahrenheit, represents the change in temperature obtained by deter- 
mining the total change from 32 degrees to 212 degrees and imagining that it 
consists of 180 equal parts. Degrees of the same size are used to measure tem- 
peratures above 212 degrees and below 32 degrees. 

In the centigrade system the number of degrees between the temperature at 
which water boils and the temperature at which water freezes is the difference 
between 100 and 0. This difference is 100. So a degree in the centigrade system, 
or a degree centigrade, represents the change in temperature obtained by deter- 
mining the total change from 0 degrees to 100 degrees and imagining that it 
consists of 100 equal parts. Degrees of the same size used to measure temperatures 
above 100 degrees and below 0 degrees. 

As you probably know, in many parts of the world the temperature of the air 
falls below 0 degrees on the Fahrenheit scale, and in many more places it falls 
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below 0 degrees on the centigrade scale. Temperatures below 0 degrees (Fahren- 
heit or centigrade) can be produced in several commercial processes. Tempera- 
tures above 212 degrees on the Fahrenheit scale and above 100 degrees on the 
centigrade scale are produced in ovens and furnaces. A temperature below 0 
degrees is often indicated by the term “minus” or the symbol —. Thus a tem- 
perature of 20 degrees below zero is written minus 20 degrees or —20 degrees. 

The symbol © or the abbreviation deg may be used instead of the word 
“degree” or “degrees” after a number representing a temperature. Also, to show 
whether the temperature is Fahrenheit or centigrade, the abbreviation F or C is 
generally used. For example, a temperature of 20 degrees Fahrenheit may be 
written 20 deg F or 20°F. However, when the abbreviation F or C is used, the 
symbol ° or the abbreviatioa deg is usually omitted. Thus 20 F means 20 degrees 
Fahrenheit and 10 C means 10 degrees centigrade. 

As explained in Art. 10, the degree is also the name of a unit for measuring 
angles, and the symbol ° is also used to indicate degrees of angle. However, the 
degree of temperature and the degree of angle are not related in any way. So 
when the word “degree” or the symbol ° is used, you should have no trouble 
knowing whether the unit of temperature or the unit of angle is meant. 


Check Your Learning 


. A thermometer is used to measure 
(temperature) 


. In the Fahrenheit. system,.water freezes at ___.. _. and boils at Mes 2s 
(32°) (212°) 


. In the centigrade system, water freezes at... ——_—andi_— boils at 


(0°) (100°) 


. A temperature written as —20° means 20° below 


(0°) 
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Other Units of Measure 


Money 

43, In both the United States and Canada, the base of the money, or monetary, 
system is the dollar, Also, in both countries a dollar is worth 100 cents, or a cent is 
tia dollar. The symbol $ in front of a number stands for dollars. Thus, $20 is read 
twenty dollars. The symbol ¢ after a number stands for cents. Thus, 25¢ is read 
twenty-five cents. 

An amount of money less than a dollar may be written either as a decimal of 
a dollar or as a number of cents. For example, 22 cents may be indicated either as 
$0.22 or as 22¢. When an amount of money is expressed in dollars and cents, it 
is usually written as a mixed decimal, with the number of cents shown as a 
decimal part of a dollar. Thus five dollars eighteen cents is usually written $5.18, 
and eleven dollars two cents is usually written $11.02. The digit in the second 
decimal place is always written, even if it is a cipher. For example, five dollars 
fifty cents, or five dollars and a half, is written $5.50. It is never written $5.5. 

Sometimes it is necessary to express an amount of money in dollars to more 
than two decimal places. For example, the average cost of one of a large number 
of similar objects may be given as $1.2463. This amount would usually be read 
one point two four six three dollars. 

The unit called the mill is sometimes used in monetary expressions. The mill is 
equal to a thousandth of a dollar. Thus $0.025 is read twenty-five mills, instead of 
two point five cents or two and one-half cents. Mills are commonly used in stating 
tax rates. 


Miscellaneous Units 


44, In counting sheets of paper, the terms quire and ream are used. A quire 
contains 24 sheets, and a ream consists of 20 quires. The abbreviation gr stands 
for quire or quires, and rm stands for ream or reams. 

Many articles are sold by the dozen. There are 12 things in a dozen. Thus a 
dozen eggs consists of 12 eggs. Also, 12 dozen makes a gross. The abbreviation 
doz stands for dozen, and gr stands for gross. 

Other terms that are sometimes used to refer to quantities are the pair and 
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Four score ; 
and seven years- 


the score. A pair consists of two things, usually similar things. For instance, one 
speaks of a pair of shoes or a pair of gloves. The abbreviation pr stands for pair. 
A score contains 20 things. A common use is in the expression “a score of years,” 
which means 20 years. Thus when Lincoln said, “Four score and seven years,” 
he meant 87 years. 


Check Your Learning 


71. The base of our monetary system is the 


(dollar) 
72. One cent is__.____ dollar. 
(x$0) 
73. There are 24 sheets of paper in a 
(quire) 


74. There are_____——__— eggs in a dozen. 
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means 20 things. 
(score) 


Practice Problems 


Write each of the following amounts of money by using the symbol $ and figures: 

a) Seven dollars twenty-five cents c) Fifty-four dollars thirteen cents 

b) Ten dollars ten cents d) Two dollars six cents 

Write each of the following amounts of money in words: 

a) $1.11 b) $6.40 c) $25.75 d) $0.05 

A teacher wishes to give each student in his class three sheets of paper for use in 

the final examination. If there are 42 people in the class, how many quires of paper 

must he have? 

. Pam Conway wishes to make articles for a bake sale. She will use 29 eggs. How 

many boxes containing a dozen eggs each must she buy at the grocery store? 

. The school tax in a certain district is 47 mills. Express this in decimal parts of a 
dollar. 

. James Calpin gave his age as three score years and ten. How old is he? 


Practica ARITHMETIC, Part 5 41 


Conversion of Units 


Types of Problems in Conversion 

45. In practical work you often have a quantity expressed in one kind of unit 
that you want to express in another kind of unit. For example, you have a distance 
in feet and you want to express it in inches or in meters. Or you may be given a 
volume in cubic feet which you are required to express in cubic yards or in 
gallons. 

In another type of problem a quantity expressed in two or more kinds of unit 
must be expressed in units of one kind. For example, you may know a weight in 
pounds and ounces and have to express it in pounds alone or in ounces alone. Or 
you may know time in hours, minutes, and seconds and have to express it in hours 
alone, minutes alone, or, for that matter, seconds alone. 

A third type of problem is the reverse of the type just described. In this type 
a quantity expressed as a number of units of one kind has to be expressed in units 
of more than one kind. For instance, an angle in degrees and a decimal part of 
a degree has to be expressed in degrees and minutes or in degrees, minutes, and 
seconds. Or, perhaps, a distance in inches is to be expressed in feet and inches. 

Remember that in any problem such as the problems outlined in the preceding 
paragraphs the same quantity is expressed in two different ways. Therefore, the 
unit or units given in the result must measure the same kind of quantity as the 
given unit or units. Thus, you can change, or convert, feet to yards because both 
the foot and the yard are units of length. Also, you can convert cubic feet to 
gallons because both the cubic foot and the gallon are units of volume: Remem- 
ber, however, that the gallon is used only for measuring liquids, but the cubic 
foot may be used for measuring solids and gases as well as liquids. 

Changing denominate numbers from one kind to another is called converting or 
reducing them. Thus you can say that you have converted 3 ft to 1 yd or that you 
have reduced 3 ft to 1 yd. Don’t forget that the reduction of denominate numbers 
is the process of changing their denomination without changing their value. De- 
nominate numbers can be changed in two ways. In one way the change is to a 
lower unit, as from feet to inches. In the other way, the change is to a higher unit, 
as from inches to feet. The first example is called reduction descending. The sec- 
ond example is reduction ascending. Thus when you change 2 miles to 10,560 ft, 
you apply the reduction descending process. And when you change 243,080 Ib to 
121.54 tons, you apply the reduction ascending process. In each case, however, 
we say that the numbers have been reduced. 


Changing to Units of Smaller Size 


46. When you change a denominate number to a smaller unit, you will get 
more of the smaller units. Therefore, multiplication is the key to reducing units 
of a higher denomination to units of a lower denomination. As we said before, 
this reduction is known as reduction descending. To reduce descending, multiply 
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the given number by the number of units of the lower denomination required 
to make one unit of the higher denomination. For example, to change 3 ft to 
inches, multiply the number of given units, in this case 3, by 12 because 12 of 
the smaller unit, the inch, make one of the larger unit, the foot. The answer, of 
course, is 36 in. As another example, to reduce 2 hr to minutes, multiply 2 by 60, 
because 1 hr contains 60 min. Thus, 2 hr = 120 min. Or to reduce 4} yd to feet, 
multiply 43 by 3 because there are 3 ft in a yard. This gives 44 x 3 = 133. Thus, 
133 ft equals 44 yd. 


ExaMPLE 1. Express 8.62 ft in inches. Round off your answer to one decimal 
place. 


SoLuTion. Since 1 ft contains 12 in., find the number of inches in 8.62 ft by 
multiplying 8.62 by 12. Thus 8.62 x 12 = 103.44 = 103.4 and the required distance 
is then 103.4 in. Ans. 


ExaMPLe 2. How many minutes are there in an angle of 4.7°? 


So.uTion. A degree of angle contains 60 min, so find the number of minutes in 
the given angle by multiplying 4.7 by 60. The product is 282.0. Hence 4.7° = 282.0’. 
Ans, 


ExaMPLE 3. The weight of a certain object is given as 24.9 kg. What is its weight 
in pounds expressed to the nearest hundredth? 


Se.uTion. The number of pounds in 1 kg is 2.2046. Therefore, the weight of the 
object in pounds is 24.9 x 2.2046. This product is 54.89454, or 54.89 Ib. Ans. 


ExaMPLE 4. Express 0.641 ft in inches and a fraction of an inch. Round off the 
result to the nearest J, in. 


Sotution. When the given decimal of a foot is multiplied by 12, the product is 
7.692, so 0.641 ft equals 7.692 in. You must now change 0.692 to a fraction having 
16 as a denominator. To find the numerator, multiply 0.692 by 16 and round off the 
product to the nearest whole number. Since 0.692 x 16 = 11.072, the required fraction 
is 44. Thus 0.641 ft equals 74 in. Ans. 


EXAMPLE 5. How many seconds are there in a day? 


Sotution. Since a day contains 24 hr and an hour contains 60 min, the number 
of minutes in a day is 24 x 60. Also, since a minute contains 60 sec, the number of 
seconds in a day is 24 x 60 x 60. This product is 86,400. So there are 86,400 sec 
ina day. Ans. 


Check Your Learning 


76. Changing quarts to gallons is an example of reduction (ascending, descending). 
(ascending) 


77. Changing gallons to quarts is an example of reduction (ascending, descending). 
(descending) 
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78. To change 3 hr to minutes, ____——=—_- 33: by 60. 
(multiply ) 


79. To change 10 gal to quarts,_. ——S—s«*d’OO bby 4. 
(multiply) 


Practice Problems 


1. The area of a certain portion of the surface of a pavement is 32.14 sq yd. What is 
the area of that portion in square feet to the nearest tenth? 

2. The volume of a certain container is given as 0.375 cu ft. What is the volume in 
cubic inches? 

3. Change 0.817 ft to inches and a fraction of an inch; take the result to the nearest 
4 in. 

4, How many centimeters are there in 3.16 ft? Hint. First convert the given number 
of feet to inches. 


Changing to Units of Larger Size 

47. If reduction to a lower denomination is performed by multiplying, it is 
reasonable to think that reduction to a higher denomination is done by dividing. 
Actually, dividing is the key to changing units of a lower denomination to units 
of a higher denomination. This change, or reduction, is known as reduction as- 
cending. To reduce ascending, divide the given number by the number of units 
of the lower denomination unit required to make one unit of the higher denomi- 
nation. For example, to change 32 oz (avoirdupois) to pounds, divide the number 
of units, 32, by 16 because there are 16 oz in 1 Ib. Thus 32 ~ 16 = 2 Jb. 

Quite often when a denominate number is reduced to a higher denomination, 
the division will not be exact. When this happens only the quotient will be of the 
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higher denomination; the remainder will be of the same denomination as the given 
number. The quotient and the remainder, together, are the required result. For 
example, if you had to reduce 42 in. to feet, you would divide 42 by 12. The 
result would be 3 with a remainder of 6. Here the quotient, 3, is feet and the 
remainder, 6, is inches, or 3 ft 6 in. Of course, this result could also be expressed 
as 34 or 3.5 ft. In most cases you will have to decide which form is better for 
the particular problem. If there is no good reason for preferring one form over 
another, choose the simpler one or the one that is easier to compute. 


ExaMpLe 1. Reduce 211 in. to yards, feet, and inches. 


SotuTion. There are 12 in. in 1 ft. Therefore, 211 in. 
divided by 12 = 17 ft and 7 in. remainder. There are 3 ft 
in 1 yd. Therefore, 17 ft divided by 3 = 5 yd and 2 ft 
remainder. The last quotient and the two remainders are 


the answer, 5 yd 2 ft 7 in. The work is shown at the right. 84 
7 in. remainder 


3)17 
5 yd 2 ft remainder 


EXAMPLE 2. Reduce 3533 pt to gallons and quarts. 


So.uTIon. There are 2 pt in 1 qt. Therefore, 3533 pt = 1766 qt and I pt re- 
mainder, There are 4 qt in 1 gal. Therefore, 1766 qt = 441 gal and 2 qt remainder. 


2) 3533 


4)1766 qt 1 pt remainder 
44] gal 2 qt remainder 


Hence, 3533 pt equals 441 gal 2 qt 1 pt. Ans. 


EXAMPLE 3. Reduce 18,000 sq in. to square feet. 
SotuTion. Divide 18,000 by the number of square 125 sq ft Ans. 


inches in 1 sq ft. 144) 18000 
14 

360 

288 

720 

720 


ExampiLe 4. How many weeks and days are there in 18 days? 


SoLuTION. It takes 7 days to make 1 week; that is, it takes 7 units of the lower 
denomination to make 1 unit of the higher denomination. Therefore, 18 has to be 


divided by 7 to get the result. Thus, 
7)18 


2. weeks and 4 days remainder 
The result is therefore 2 weeks 4 days. Ans. 
ExAMPLe 5. Reduce 14,728 lb to tons. 


SoLuTION, One ton is equal to 2000 Ib; thus, 14,728 is to be divided by 2000: 
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7 tons 
2000) 14728 
14000 
728 lb remainder 


Therefore, 14,728 lb = 7 tons 728 Ib. Ans. 


EXAMPLE 6. Reduce 985 pt (dry measure) to higher denominations. 


Sotution. The solution is found in the same manner as in Example 2. The final 
quotient and the various remainders are 15 bu 1 pk 4 qt 1 pt. Hence the final answer is 
15 bu 1 pk 4 qt1 pt. Ans. 

Further along in this text you'll find some practice problems. Be sure that you solve 
each one of them. They will give you the practice you need in applying the preceding 
methods. Use them to test how well you have mastered the principles we have just 
explained. 


Check Your Learning 


80. To change 12 qt to gallons, ===. by 4. 
(divide) 


81. To change 32 qt to pecks, = 32 by 8. 
(divide) 


82. Reduce 576 sq in. to sq ft. Answer is_ sq ft. 
(4) 


Practice Problems 


1. Reduce the following to units of higher denominations. If fractions appear in the 
results in any but the lowest denomination, reduce them to the lowest denomination. 
a) 7460 sq in. b) 2019 pt (liquid) 

2. How many tons and pounds are there in 459,875 IbP 

3. If 36 cu ft of coal weighs 1 ton, how much space, to the nearest cubic foot, is filled 
by 7 tons 1590 Ib? 

4, How many rails, each 30 ft long, will be required to lay a railroad track 26 miles 
long? 

5. Reduce: 
a) 4 rods 2 yd 2 ft to feet b) 4 bu 3 pk 2 qt to quarts 

6. A student purchased 8 Ib 5 oz (avoirdupois) of chemicals for experimental work. 
What was the total cost at 8¢ an ounce? 

7. The bearings of a machine need 3 pt of oil each day. How many quarts do they 
need in a 5-day week? 

8. The pressure of the atmosphere at sea level is, at a given time, 14.7 pounds per 
square inch. To the nearest pound, what is the pressure in pounds per square foot? 

9. Express the answer to Problem 8 in tons. Round off your answer to two decirzal 
places. 


Changing Compound Numbers to Smaller Units of One Kind 
48. Sometimes when a quantity is expressed in two kinds of units, you may 
want to express it as a number of units of the smaller kind. To do this, you pro- 
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ceed as follows: First, change the given number of units of the larger size to a 
number of units of the desired smaller size. Then add to this result the given 
number of units of the smaller size. 

In studying the following solutions, you should note carefully what is done 
when it is necessary to multiply and add in the same problem. 


EXAMPLE 1. A train required 4 hr 18 min to travel from one city to another. How 
many minutes did it require for the trip? 


Sotution. First change 4 hr to minutes. Do this by multiplying 4 by 60, because 
there are 60 min in 1 hr. The product is 240, so the number of minutes in 4 hr is 240. 
To find the number of minutes in 4 hr 18 min, add the 18 to the 240 just found. The 
sum of 240 and 18 is 258; therefore, the time is 258 min. Ans. 


The work may be indicated as follows: 


4x 60 + 18 = 240 + 18 = 258 min 


Note that you must multiply the 4 by the 60 before 4 xX 60 = 240 
you add the 18. Another way to arrange the work is shown _18 
at the right. 258 


EXAMPLE 2. A distance is given as 6 ft 34 in. What is the distance in inches? 


SotuTion. First change 6 ft to inches by multiplying 6 by 12. The product is 72, 
so the number of inches in 6 ft is 72. To find the number of inches in the given distance, 
add the 3} to the 72 just found. The result is 753. Thus 6 ft 3} in. is equal to 
754 in. Ans, 

The work may be indicated in the following manner: 


6X 124+3)=7243}=75} in. 


Changing Compound Numbers to Larger Units of One Kind 

49. Sometimes a quantity may be expressed in two kinds of unit and you 
may want to express it as a number of units of the larger given kind. In a problem 
of this type the given number of units of the smaller size is usually less than the 
number of such units in a unit of the larger size. First, change the given number 
of units of the smaller size to a fraction or a decimal of a unit of the larger size. 
Then add this fraction or decimal to the given number of units of the larger size. 


ExaMPLE 1. Change 4 hr 18 min to hours. 


Solution. First change 18 min to a part of an hour by dividing 18 by 60. You 
can indicate the division by writing the fraction 48. When you reduce this fraction to 
lowest terms by dividing both the numerator and the denominator by 6, you get 3: 
However, you would usually find it better to express 18 min as a decimal of an hour. 
The quotient obtained by dividing 18 by 60 is 0.3, so the given period of time is equal 
to either 43, or 4.3 hr. Ans. 

You should note that the given number of hours is not changed in this example. 


EXAMPLE 2. Change 6 ft 33; in. to feet. Round off the result to the nearest 
hundredth of a foot. 
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SotuTion. First change 3} in. to a decimal part of a foot by dividing 3} by 12. 
To carry out the division, you should change } to a decimal. Thus 3} = 3.25, When 
3.25 is divided by 12 and the quotient is rounded off to two decimal places, the result 
is 0.27. So 3} in. is equal to 0.27 ft. When you add this decimal of a foot to 6 ft, you 
get 6.27 ft. Ans. 

You should note that, again, the given number of feet is not changed. You should 
also note that 3} in. is equal to 3.25 in. and is not equal to 0.325 ft. Do not make the 
mistake of calling the result 6.325 ft. Be sure to change 3.25 in. to 0.27 ft. Then add 


this decimal to 6 ft. 
Practice Problems 


Change 6 min 37 sec to seconds. 

Change 3 Ib 54 oz avoirdupois to ounces. 

An angle is given as 7°14’. What is the angle in minutes? 

Change 15 ft 9 in. to feet. 

Change 8 ft 22 in. to feet. Express the result to the nearest hundredth of a foot. 
The standard distance for the marathon race in the Olympic games is 26 miles 
385 yd. What is this distance in miles? 


G2 SUR Gobo 


More Changes in Denominate Numbers 

50. It may happen that a quantity is expressed in three different kinds of unit 
and you want to express it as a number of units of one of the three kinds. The 
solution of a problem of this type is just an application of the principles of the 
preceding articles, as shown in the following examples. 


ExaMPLe 1. An angle is given as 2°28/37”. Express the angle in seconds. 


Sotution. A good way to solve this example is as follows: First change 2°28’ to 
minutes. Thus the number of minutes in 2°28/ is 


2 x 60 + 28 = 120 + 28 = 148 
Then change 148’37” to seconds. The number of seconds in 14837” is 
148 x 60 + 37 = 8880 + 37 = 8917 sec Ans. 


Another way to solve this example is to change 2° to seconds, then to change 28’ to 
seconds, and finally to find the sum of these two numbers of seconds and 37”. The work 
may be indicated as follows: 


2X 60 * 60 = 7200” 
28 x 60 = 1680” 
37” 

Sum = 8917” Ans. 


EXAMPLE 2. Express the angle in Example 1 in degrees. 


SoLuTION. One way to solve this example is to change 28/37” to minutes, then to 
change this number of minutes to a decimal of a degree, and, finally, to add this 
decimal to 2°. 

To change 37” to a decimal of a minute, divide 37 by 60. The quotient, rounded off 
to two figures (because 37 has two figures), is 0.62. So 28’37” = 28.62’. 
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To change 28.62’ to a decimal of a degree, divide by 60. The quotient, rounded off 
to four figures, is 0.4770. Hence, 2°28’37” = 2.4770° Ans. 


Examp_e 3, Express the angle in Example 1 in minutes. 


So.uTion. To solve this example, you must change 2° to minutes and change 37” 
to a decimal of a minute. You can then add these numbers of minutes to 28’. The work 
may be arranged as follows: 

2X 60 = 120’ 
287 
37+60= 0.62’ 
Sum = 148.62’ Ans, 


Changing to Units of More than One Kind 

51. We shall now show you how to solve problems that are the reverse of the 
type described in the preceding article; that is, the quantity is expressed in one 
kind of unit and you are to express it in two or more kinds of unit. You will be 
able to understand the general instructions for solving such problems better if 
you first see how some examples are worked. 


ExamMpte 1. Express 17.864° in degrees and minutes. 


SotuTion. The desired number of degrees is the integral part of the given number, 
or 17. Find the desired number of minutes by changing the decimal part of a degree 
to minutes. Since 1° contains 60’, multiply 0.864 by 60. The product, rounded off to 
three figures, is 51.8. So 17.864° is equal to 17°51.8’ Ans. 


EXAMPLE 2, Change 4.692 ft to feet and inches. Round off the result to the 
nearest 1, in. 

Sotution. The desired number of feet is 4, which is the integral part of the given 
distance, To change the decimal part of a foot to inches, multiply 0.692 by 12. The 
product, rounded off to three figures, is 8.30. Now you must change the decimal of 
an inch to a fraction having 16 as the denominator. Find the numerator by multiplying 
0.30 by 16 and rounding off the product to the nearest whole number. Since 0.30 X 16 
= 4.8 and the nearest whole number is 5, the fraction is 3§;. So 0.692 ft equals 85; in., 
and 4.692 ft equals 4 ft 8,5, in. Ans. 


Summary of Conversions 

52. The work of the preceding article can be summarized as follows: 

When a quantity is expressed in units of one kind and you want to express it 
in units of that kind and also units of a smaller size, take the following steps: 


Step I. Use the integral part of the given number as the number of units of 
the given kind in the desired result. 


Step 2. Change the decimal part of the given number to units of the desired 
smaller size, Express a part of the smaller unit either as a decimal or as a fraction 
with a suitable denominator. 
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ExAMPLE. Change 8.156 miles to miles and feet. 


So.tution. The integral number of miles in the distance is 8. Since 1 mile contains 
5280 ft, you can find the number of feet by multiplying 0.156 by 5280. When a decimal 
part of a unit is changed to a number of units of smaller size, it is usually necessary to 
decide how to round off the number of smaller units. 

In this example the given number is carried to thousandths of a mile. Since one 
thousandth of a mile is about 5 ft, the number of feet should be rounded off to the 
nearest 5. The product of 0.156 and 5280 is 823.68. So the distance should be taken 


as 8 miles 825 ft. Ans. 

If the given distance were 8.056 miles, the number of feet corresponding to 0.056 
mile also would be rounded off to the nearest 5 ft. Since 0.056 x 5280 = 295.68, the 
distance would be taken as 8 miles 295 ft. 

If the given distance were 8.15 miles, the result would be rounded off differently. 
One hundredth of a mile is about 53 ft, so the number of feet would be rounded off 
to the nearest 50. Since 0.15 5280 = 792, the distance would be taken as 8 miles 


800 ft. 


93. If a quantity is expressed in one kind of unit, you may want to express it 
in units of both a larger size and the given kind. For example, you may want to 
reduce 37 ft to yards and feet. In a reduction such as this, the number of the 
larger units will be a whole number. That is, in this example when you reduce 
37 ft to yards and feet, the number of yards will be 12, a whole number. For this 
type of problem you can use the following method. 


Step I. Divide the given number of units by the number of units of this kind 
in one unit of the larger size, just as if you were going to change to units of the 
larger size alone. See Art. 47, 


Step 2. Stop the division when the decimal point in the quotient is reached. 
In other words, find only the whole number in the quotient. 


Step 3. Take the whole number in the quotient as the desired number of units 
of the larger size, and take the last difference as the desired number of units of 
the given kind left over. 


If the given number contains a decimal or a fraction, you should ignore the 
decimal or the fraction when carrying out the division, and you should include 
it in the last difference in step 3 of the method. 


EXAMPLE 1. Express an angle of 87.2’ in degrees and minutes. 


Sotution. First ignore the decimal and find the number of degrees by dividing 

87 by 60. Since the whole number in the quotient is 1, there is 1°. Then the number 
of minutes left over is the difference between 87.2 and 60, or 27.2. So 87.2’ = 1927.2’. 
Ans. 


EXAMPLE 2. Change 2024 in. to feet and inches. 
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So.tuTion. Ignore the fraction in the given number and 16 ft 
divide 202 by 12 until the decimal point is reached. The work 12)202 
is shown at the right. The desired number of feet is 16. Since 12 
the last difference is 10 and the fraction of an inch in the given 82 
distance is 1, the desired number of inches is 104. So 2024 in. 72 
equals 16 ft 10} in. Ans. 10 in. remainder 


54. Occasionally, a quantity will be expressed in units of one kind and you 
will want to express it in units of two larger sizes and units of the given kind. You 
can first apply the method explained in Art. 53 to change the given number of 
units to units of a second size and units of the given kind. Then you can apply 
the same method again to change the computed number of units of this second 
size to units of the largest size and units of the second size. You should not forget 
to include in the final result the number of units of the given kind left over from 
the first division. 


Exampe. An angle is given as 7413”. What is the angle in degrees, minutes, and 
seconds? 


SoLuTION. First change 7413” to minutes and seconds 123 min 
by dividing by 60. The division is shown at the right. You 60)7413 
get 123/33”. 60 
Now change 123’ to degrees and minutes by dividing 141 
123 by 60. The whole number in the quotient is 2; the prod- 120 
uct of 2 and 60 is 120; and the difference obtained by sub- 213 
tracting 120 from 123 is 3. So, 123’ = 2°3’. The required 180 
angle is 293/33”. Ans. 33 sec remainder 


Note that the 33” from the first division must be added 
to the 2°3’ obtained by the second division. 


Practice Problems 


]. Change 3 hr 26 min 27 sec to minutes. 

2. Express the amount of time in Problem 1] in hours. 

3. The length of a steel bar is given as 403 in. What is the length of the bar in feet 
and inches? 

4. An angle is given as 97.3°. What is the angle in degrees and minutes? 

5. Express an angle of 11,755” in degrees, minutes, and seconds. 


Conversion of Temperatures 

55. A special explanation is needed to change a Fahrenheit temperature to a 
centigrade temperature or to change a centigrade temperature to a Fahrenheit 
temperature. From the information in Arts. 41 and 42, you should see that the 
following two statements are true: 


1. A change in temperature of 100 degrees centigrade corresponds to a change 
of 180 degrees Fahrenheit. 


2. A temperature of 0 C is the same as a temperature of 32 F. 
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Since 180 divisions on the Fahrenheit scale are equivalent to 100 divisions on 
the centigrade scale, it follows that 1 degree centigrade is equal to 2 degrees 
Fahrenheit. (Perhaps you better refer back to Fig. 11.) From this relation and 
the fact that 0 F is 32 Fahrenheit degrees below the mark for 0 C, the following 


rules are derived: 


Rute I. To find the Fahrenheit temperature, multiply the centigrade tem- 
perature by 2 and add 32° to the product. 


Rute II. To find the centigrade temperature, subtract 32° from the Fahren- 
heit temperature and multiply the remainder by $. 


Example 1. What is the Fahrenheit equivalent of 85 CP 


SoLtuTion. By Rule I, the temperature is 
(85x 2)+32=185F Ans. 
ExaMPLe 2. If a temperature is 68 F, what is it in degrees centigrade? 


Sotution. According to Rule II, 32 is first subtracted from 68, and the remainder 
is then multiplied by 3: 


68 — 32 = 36 36X3=20C Ans. 


Converting Variations of Temperature 

56. You must make a clear distinction between temperature and a change of 
temperature when you convert from one scale to the other. When a variation or 
a change in temperature is converted from one scale to the other, 32° is not 
considered. For example, suppose that the temperature of an electric generator 
rises 40 degrees centigrade and the change in degrees Fahrenheit is required. 
Since 1 degree centigrade = 2 degrees Fahrenheit, the change in degrees Fahren- 
heit is 2 x 40 = 72°. Again, suppose that the temperature decreases from 180 F 
to 99 F, a change of 81 degrees Fahrenheit, and it is desired to express this change 
or variation in degrees centigrade. Since 1 degree Fahrenheit = 3 degree centi- 
grade, the variation in degrees centigrade is § x 81 = 45°. 


ExamMp.Le 1. The temperature of the air in a room increases from 43 F to 88 F. 
What is the change expressed in degrees centigrade? 


SoLutTion. First, find the change in temperature in degrees Fahrenheit by sub- 
tracting 43 from 88. The difference is 45 degrees. Since a change of 1 degree Fahrenheit 
is equal to a change of § degree centigrade, a change of 45 degrees Fahrenheit is equal 
to 45 x 3, or 25, degrees centigrade. Ans. 


EXAMPLE 2, During a certain process, the temperature of the gas in a container 
is reduced from 90 C to 15 C. Find the change in degrees Fahrenheit. 


Sotution. The drop in temperature is equal to 90 — 15, or 75, degrees centigrade. 
Since a change of 1 degree centigrade is equal to a change of 2 degrees Fahrenheit, 
the change of 75 degrees centigrade is equal to 75 X 2 = 135 degrees Fahrenheit. Ans. 
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Be sure to note that you do not consider the number 32 when converting a 
change in temperature from one scale to another. 


Practice Problems 


1. What is the equivalent of 76 C on the Fahrenheit scale? 

If a temperature is 80 F, what is the equivalent on the centigrade scale? 

3. The temperature of outdoor air dropped from 57 F to 32 F. What was the change, 
expressed in degrees centigrade? 

4, The temperature in a cooker increased from 112 F to 250 F. What was the change 
expressed in degrees centigrade? 

5. During a certain process, the temperature of the gas in a container is reduced from 
98 C to 10C. Find the change in degrees Fahrenheit. 


bo 
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Calculations with Measured Quantities 


Types of Problems to Be Considered 

57. At this point you should know how to change any quantity expressed in 
certain units to an equal quantity expressed in any other kind of unit. 

We shall now show you how to solve other problems: 


1. Problems in which you have to find the sum of two or more quantities 
expressed in units of more than one kind. 


2. Problems in which you have to find the difference between two quantities 
expressed in units of more than one kind. 


3. Problems in which you have to find the product of a quantity expressed in 
units and another such quantity or a number without units. 


4. Problems in which you have to find the quotient obtained by dividing a 
quantity expressed in units by another such quantity or by a number 
without units. 


Addition of Quantities 

58. In solving a problem of the first type, you may want to find the sum of 
two or more quantities each of which is expressed in terms of more than one 
kind of unit. For instance, you may want to add 3 ft 64 in. to 4 ft 24 in. or you 
may want to find the sum of 20°15’ and 32°48’. One method of solving the first 
example is to change each distance to inches and then find the sum.of the two 
distances in inches. Thus 3 ft 6} in. equals 424 in.; 4 ft 2} in. equals 50} in.; and 
the sum of 424 in. and 504 in. is 923 in. If you wish to express the sum in feet and 
inches, you may write it as 7 ft 83 in. 


You can solve the second example quite easily by changing each angle to 
degrees and a decimal of a degree and then adding the two numbers thus ob- 
tained. Since 20°15’ equals 20.25° and 32°48’ equals 32.80°, the desired result is 
the sum of 20.25° and 32.80°. This sum is 53.05°. If you wish to express the result 
in degrees and minutes, you will get 53°3’, 


But there is an easier way to solve the examples of the preceding paragraphs. 
To solve the first example, you can simply add the given numbers of feet to get 
the number of feet in the sum, and you can add the given numbers of inches to 
get the number of inches in the sum. The sum of 3 and 4 is 7, and the sum of 
64 and 23 is 83. Therefore, the sum of 3 ft 63 in. and 4 ft 24 in. is 7 ft 82 in. This 
result is the same as the one we obtained by the other method. 

When you add the given numbers of degrees in the second example, or find 
the sum of 20° and 32°, you get 52°. And when you add the given numbers of 
minutes, or find the sum of 15’ and 48’, you get 63’. The sum of 20°15’ and 32°48’ 
found in this way is 52°63’. But 63’ is equivalent to 1°3’, so 52°63’ is the same as 
the sum of 52° and 1°83’. This sum is 53°3’, which was found previously. 
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To find the sum of two or more quantities each of which is expressed in terms 
of more than one kind of unit, proceed in this way: 


Step 1. Arrange the given quantities so that the numbers of units with the 
same name are in columns and then find the sum of the numbers in each column. 


Step 2. If the sum of the units of one kind is greater than the number of such 
units in one unit of the next larger size, express that sum in terms of the two kinds 
of units. Then carry the number of units of the larger size thus found to the 
column for such units, and retain the number of smaller units left over. 


EXAMPLE 1. A workman spent 1 hr 40 min on one job, 2 hr 35 min on a second 
job, and 3 hr 10 min on a third job. How much time did he spend on the three jobs? 


Sotution. Arrange the three given times as shown at the J hr 40 min 
right, with the numbers of hours in one column and the num- 2 35 
bers of minutes in another column. The sum of the numbers of 3 10 
hours is 6, and the sum of the numbers of minutes is 85. Since 6 hr 85 min 


there are 60 min in 1 hour and 85 is greater than 60, change or 7hr25 min Ans. 

85 min to 1 hr 25 min. Then add the 1 hr to the 6 hr to get 

7 hr and take the 25 min left over as the number of minutes. The sum is 7 hr 25 min. 
Ans. 


EXAMPLE 2. You want to order one steel bar that can be cut into four parts 
having these lengths: 1 ft 3} in., 2 ft 72 in., 1 ft 114 in., and 3 ft 83 in. If the length 
lost at each cut is ignored, what is the required length of the bar? 


Sotution. Place the numbers of feet and inches in col- lft 3} in. 
umns as at the right. When the numbers in the columns are 2 7, 
added, the sums are 7 ft and 303 in. However, 303 in. is equal 1 i 
to 2 ft 63 in. So add the 2 ft to the 7 ft to get 9 ft, and take 3. 88 
the 63 in. left over as the number of inches. The required 7 303 in. 
length of the bar is 9 ft 63 in. Ans. or 9 ft 62in. Ans. 


Subtraction of Quantities 

59. To show you how to find the difference between two quantities each of 
which is expressed in terms of more than one kind of unit, we shall describe the 
procedure for subtracting 1 ft 83 in. from 4 ft 64 in. 

First, arrange the given quantities so that the numbers of units with the same 
name are in columns and so that the quantity with the larger number in the left- 
hand column is above the quantity with the smaller number in that column. Since 
the number of feet in 4 ft 64 in. is greater than the number of feet in 1 ft 82 in., 
write the first quantity above the second one, as shown in F ig. 12. 

Now you are ready to subtract. Starting with the column at the right, try to 
subtract the lower number from the upper number, If the lower number is smaller 
than the upper number, find the difference and write it as the number of units of 
the proper name in the required result, If the lower number is greater than the 
upper number, as in this example, you must do this: Reduce the upper number 
in the next column to the left by 1, and increase the upper number in the right- 
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4 ft 64 in. 3 ft 184 in SPP ITE A 
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Fic. 12. SuBTRACTION 


hand column by the number of units of the kind in the right-hand column con- 
_ tained in one unit of the kind in the column to the left. In this example subtract 1 
from the number 4 in the left-hand column. Then, since 1 ft is equal to 12 in., 
add 12 to the upper number in the right-hand column. The quantity 4 ft 6} in. 
thus becomes 3 ft 184 in., as shown in Fig. 12(b). 

You can find the number in the right-hand column in the required difference 
by subtracting the lower number from the new upper number in the usual way. 
Replace the number 18} by 17%, as shown in Fig. 12(c). The difference be- 
tween 17% and 83 is 93. This is the number of inches in the required result. 
Write is below the subtraction line. 

Find the number of feet in the required result by subtracting 1 ft from 3 ft. 
The complete quantity obtained by subtracting 1 ft 82 in. from 4 ft 6} in. is 
2 ft 92 in. 

ExaMp.e 1. You have a piece of pipe 8 ft 6 in. long, and you plan to cut off a 


piece 2 ft 9} in. long. If no allowance is made for the length lost by the cut, what will 
be the length of the piece of pipe that is left? 


Sotution. Before you make the cut, you can com- 8 ft 6in. = 7 ft 174 in. 
pute the length that will be left by subtracting 2 ft 2 94 
91 in. from 8 ft 6 in. You can find the difference in the 5 ft 83 in. Ans. 
manner indicated at the right. When you look at the 
given quantities, you see at once that you cannot start the subtraction until you make 
certain changes in the quantity 8 ft 6 in. When you make these changes, 8 ft 6 in. 
becomes 7 ft 174 in. Then subtract 91 from 174 to get 83 in., and subtract 2 from 7 to 
get 5 ft. The desired length is 5 ft 83 in. Ans. 


Examp.e 2. You want to meet a train that is expected to arrive at the railroad 
Station at 5:16 p.m. You estimate that you will need 1 hr 20 min to drive from your 
home to the station, and you want to allow about 15 min extra for unexpected delays 
and parking. At what time should you leave your home? 


Sotution. First you should find the sum of the 5 hr 16 min = 4 hr 76 min 
time needed for traveling and the time allowed for 1 35 
delays and parking by adding the 15 min to the 1 hr 3 hr 41 min 
20 min. This sum is 1 hr 35 min. You can then deter- 
mine when you should leave your home by subtracting 1 hr 35 min from the time at 
which the train is expected to arrive at the station. Since 5:16 p.m. is 5 hr 16 min 
after noon, you should subtract 1 hr 35 min from 5 hr 16 min. Since 16 is less than 35, 
you should change 5 hr 16 min to 4 hr 76 min before subtracting. As shown at the 
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right, the difference between 4 hr 76 min and 1 hr 35 min is 3 hr 41 min. This means 
that you should leave home 3 hr 41 min after noon, or at 3:41 p.m. Ans. 


Practice Problems 


1. You are planning to place four machines in a row in a factory. The widths of the 
machines a, b, c, and d, and the required distances between them, are given by the 
dimensions indicated in Fig. 13. What is the distance, in feet, from the left-hand 
side of machine a to the right-hand side of machine d? 


2. The distance between the side walls of the building in Fig. 13 is 38 ft 4 in. If you 
so locate machine a that the distance from its left-hand side to the wall at the left 
is 2 ft 8} in., what will be the distance from the right-hand side of machine d to 
the wall at the right? 


3. You have a piece of lumber 10 ft 6} in. long and you want to saw off two pieces 
having lengths of 2 ft 44 in. and 3 ft 9% in. If no allowance is made for the length 
lost by the saw cuts, what is the length of the piece that would be left? 


4, You plan to start on a trip in your car at 7:15 a.m. If you estimate that the actual 
driving time required for the trip will be 6 hr 40 min and that you will stop for a 
total of 45 min for lunch and rest, at what time should you plan to complete the trip? 


Multiplying Denominate Numbers 

60. Sometime you may be asked to find the product of two quantities each of 
which is expressed in feet and inches. For example, you may want to find the 
area of a square 3 ft 4 in. on a side. To do this, you must multiply the given 
distance (3/4”) by itself, so you must first express this distance in feet alone or in 
inches alone. Thus, one method of finding the square of 3 ft 4 in. is to take it as 
40 in. and find the square of 40. Since 40 x 40 = 1600, the result is 1600 sq in. 
Another method is to take 3 ft 4 in. as 34 ft. To square 34, you must first reduce 
it to 4° and then square 4°. The result is 122 sq ft. You may, of course, express 
3 ft 4 in. in this example in feet and a decimal of a foot and then square the 
mixed decimal. This method, however, requires more time and work than either 
of the other methods. 

A similar problem will arise if you are asked to find the area of a rectangle. 
Assume, as an example, that the dimensions of the rectangle are 6 ft 1} in. and 
2 ft 9 in. First you must change both given distances to inches alone or change 
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both dimensions to feet alone. Do not change one distance to feet and the other 
to inches. Here is one way to find the product of the given distances: Change 
6 ft 14 in. to 73} or 73.5 in. and change 2 ft 9 in. to 33 in. Then multiply 73.5 
by 33 to get 2425.5, and call the result 2426 sq in. Another way to find the product 
is this: First change 6 ft 14 in. to 6.125 ft and change 2 ft 9 in. to 2.75 ft. Then 
multiply 6.125 by 2.75 to get 16.84375, and call the result 16.84 sq ft. As a check, 
compare the two results. 

Never try to find the square of 3 ft 4 in. by squaring 3 ft to get 9 sq ft, squaring 
4 in. to get 16 sq in., and then adding these squares to get 9 sq ft 16 sq in. This 
result is not correct. Nor should you try to find the product of 6 ft 14 in. and 
2 ft 9 in. by multiplying 6 ft by 2 ft to get 12 sq ft, multiplying 1} in. by 9 in. 
to get 13.5 sq in., and adding these values to get 12 sq ft 13.5 sq in. This result, 
too, is incorrect. 


Multiplying Denominate and Abstract Numbers 

61. In another type of problem you will need to multiply a quantity expressed 
in more than one unit by an abstract number. One way to find the product is as 
follows: Express the quantity given in two or more units as a number in units 
of one kind, and then multiply this number by the abstract number. For example, 
to multiply 1 ft 34 in. by 16, change 1 ft 34 in. to 154 or 224 in. and then multiply 
this fraction by 16 to get 242 in. 


There is another method of finding the product of a quantity expressed in 
more than one kind of unit and a number without units. We shall show you the 
method by working some examples. 


Exampte 1. You need 16 steel bars each 1 ft 3} in. long. What is the total length 
of the bars? 


Sotution. The total length is the product of 1 ft 34 in. and 16. First multiply 
1 ft by 16 to get 16 ft and then multiply 34 in. by 16 to get 50 in. Next change 50 in. 
to 4 ft 2 in. and add this distance to the 16 ft. Since the sum of 16 ft and 4 ft 2 in. is 
20 ft 2 in., the required length is 20 ft 2 in. Ans. 

The calculations may be indicated as follows: 


ft <X 16> 16: ft 
34 in. X 16 = 50 in. = 4 ft 2 in. 
16 ft + 4 ft 2 in. = 20 ft 2 in. 


Note that the product of 1 ft 33 in., or 154 in., and 16 is 242 in. 


EXAMPLE 2. The average time needed by a workman to make an article is 3 hr 
25 min. How much time will he need to make six articles? 


So.vuTion. You find the total time by multiplying 3 hr 25 min by 6. The calcula- 
tions are as follows: 
3 hr X 6= 18 hr 
25 min X 6 = 150 min = 2 hr 30 min 
18 hr + 2 hr 30 min= 20 hr 30 min Ans. 
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Dividing Denominate Numbers 

62. There will be times when you will have to solve a problem in division in 
which both the dividend and the divisor are denominate numbers. For example, 
you may be asked to divide 7 hr 30 min by 1 hr 25 min or to divide 16 ft 8 in. by 
2 ft 24 in. You can solve a problem of this type in this way: First express each of 
the given quantities in units of the same kind. Then divide the dividend by the 
divisor in the usual way. We shall illustrate the procedure by solving some 
examples. 


ExampLe 1. Assume that you work 7 hr 30 min each day and that the time needed 
to make an article is 1 hr 25 min. How many articles can you make in a day, and how 
much extra time will you have in a day? 


Sotutrion. You can find the number of complete articles by dividing 7 hr 30 min 
by 1 hr 25 min, using the integral part of the quotient. You can find the amount of 
extra time by considering the last difference obtained in the division after you get the 
integral part of the quotient. 

In order to do the division, express 7 hr 30 min as 450 min and express 5 
1 hr 25 min as 85 min. The division is shown at the right. Since the integral 85) 450 
part of the quotient is 5, you can make five complete articles. Ans. 425 

In this example the dividend and the divisor are whole numbers. So the 25 
number of minutes not needed for making the five complete articles will be 
the difference 25. Thus the amount of extra time will be 25 min. Ans. 


When the dividend or the divisor contains a decimal part, you must consider 
the position of the decimal point in the remainder, as shown in the next example. 


EXAMPLE 2. You have a steel bar 16 ft 8 in. long, and you want to know how 
many pieces 2 ft 24 in. long you can cut from it. You also want to know the length of 
the piece that will be left. 


SotutTion. To find the number of pieces 2 ft 24 in. long, divide 16 ft 8 in. by 
2 ft 24 in. Use the integral part of the quotient. To find the length of the piece that 
will be left, consider the last difference obtained in the division. 

Before trying to divide, express 16 ft 8 in. as 200 in. and express 
2 ft 24 in. as 26.5 in. Then perform the division as indicated at the 26.5) 200.0 
right. Since there is one decimal place in the divisor, move the deci- 1855 
mal point one place to the right in both the divisor and the dividend. 4 
The integral part of the quotient is 7. Thus you can get seven pieces 
2 ft 24 in. long from the given bar. Ans. 

In this example we moved the decimal to perform the division. Thus 26.5 was 
changed to 265 and 200 was changed to 2000. The whole number 7 in the quotient 
was not affected by these changes, but the remainder was affected. The product of 
26.5 and 7 is 185.5, and the difference obtained by subtracting 185.5 from 200 is 14.5. 
On the other hand, the product of 265 and 7 is 1855, and the difference obtained by 
subtracting 1855 from 2000 is 145. Obviously you can’t omit the decimal point in the 
remainder if you want to know how many inches of a bar 200 in. long will be left 
after seven pieces each 26.5 in. long have been cut from it. Therefore, you must locate 
the decimal point in the last difference in line with the decimal point in the original 
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dividend, 200. Place the decimal point in the last difference, or remainder, between 
the 4 and the 5. Thus, the length after the seven pieces have been cut off will be 14.5, 


or 144 in., or 1 ft 2h in. Ans. 


Dividing a Denominate Number by an Abstract Number 

63. Another type of problem in division involves dividing a quantity expressed 
in units of more than one kind by an abstract number. One method of doing this 
is to express the dividend as a number of units of one kind and then divide in 
the usual manner. For example, suppose you have a steel bar 28 ft 2 in. long and 
you want to cut it into eight equal parts. You can find the length of each part by 
dividing 28 ft 2 in. by 8. Express 28 ft 2 in. as 338 in. The quotient obtained by 
dividing 338 by 8 is 42.25; therefore, the length of each part should be 42.25 in. 
This result can be expressed as 424 in. or as 3 ft 6} in. 

Another method of obtaining this answer is illustrated in the following 


example: 


Exampte 1. A steel bar 28 ft 2 in. long is to be cut into eight equal parts. What 
should be the length of each part? 


Sotution. First divide the number of feet in the given 
length by 8, and use the whole number in the quotient as the 
number of feet in the desired length of each part. Thus, when 24 
28 is divided by 8, the whole number in the quotient is 3; 4x 12=48 
so the number of feet in the length of each part is 3. 48 +2=50in. 

To find the number of inches in the length of each part, 50 +8 = 6.25 — 64 
first subtract 8 X 3 ft from 28 ft. Thus 28 — 24 = 4 ft. Express 
this difference in inches; add to it the 2 in. in the length of the original bar; and divide 
this sum by 8. The difference 4 ft is equal to 48 in. Add 48 and 2 to get 50, and divide 
50 by 8. The result is 64, so the length of each part is 3 ft 6} in. Ans. 

The calculations are shown to the right of the explanation. 


EXAMPLE 2. The total time required by a workman to make six articles was 11 hr 
24 min. What was the time needed for making one article? 


Sotution. You can find the time for making one article by dividing 11 hr 24 min 
by 6. The whole number in the quotient obtained by dividing 11 by 6 is 1, and 5 hr is 
left over. To find the number of minutes in the desired time, express 5 hr in minutes. 
Add the 24 min in the total time to that result and divide the sum by 6. Thus 5 hr 
equals 300 min; the sum of 300 and 24 is 324; and the quotient obtained by dividing 
324 by 6 is 54. So the time to make one article is 1 hr 54 min. Ans. 


The calculations may be indicated as follows: 


l hr 
6)11 300 + 24 = 324 min 
6 324+ 6= 54 min 
5 x 60 = 300 


The same result could be obtained in this manner; 
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11 hr 24 min = 11.4 hr 
114+6=19 
1.9 hr= 1 hr 54min Ans. 


Practice Problems 


. Find the square of 6 ft 3 in. Express the result a) in square inches and b) in square 
feet to the nearest square foot. 

. What is the product of 7 ft 23 in. and 4 ft 7 in.P a) Express the result in square 
inches. Round off the result to the nearest whole number. b) Express the result in 
square feet. Round off the result to the nearest tenth. 

- You have 12 similar objects, each weighing 3 Ib 44 oz. What is the total weight of 
the 12 objects, in pounds and ounces? Find the result first: by changing 3 Ib 4} oz 
to ounces and then without making this change. 

. You have a piece of lumber 15 ft 8 in. long, and you want to cut it into pieces each 
of which is 2 ft 4} in. long. a) How many pieces of this length can you get? 
b) What is the length of the piece that will be left? Ignore the part of the length 
lost in cutting. 

Suppose that you want to cut the piece of lumber in Problem 4 into six parts of 
equal length. What should be the length of each part, in feet and inches? Round off 
the result to the nearest eighth of an inch. 
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Answers to Practice Problems 


Article 11 
bs 9° 4, 27007 7. 2460” 
2. 23°45° 5, 36°30" 
3.. 2°35'14” 6. 16°22/5” 
Article 14 
1. 153 ft 5. 600 cm 8. 264 ft long; 495 ft wide 
2. 120 in. 6. 7.62 cm 9. 984.25 in. 
3. 100 yd 7. 6 miles 10. 6.3m 
4. 52,800 ft 
Article 23 
1. 972 sq in. 4, 288 sq yd 6. 8100 sq ft 
2. 450 sq ft 5. 100 sq ft 7. They are equal. 
3. 1680 sq in. 
Article 27 
1. 2160 cu in. 3. 5552 cu yd 
2. 2430 cu in. or 14% cu ft 4, 42.875 cu ft 
Article 30 
1. 80 qt 3. 40 pecks 5. 107 pecks 7. 42.8 fbm 
2. 32 pt 4. 3.456 liters 6. 7.9 fbm 
Article 35 
1. 560 oz 3. 5.642 kg 5. 12 capsules 
2. 389.64 ewt 4. 1020.6 grams 6. 31 lb 4 oz gross; 27 Ib net 
Article 39 
LO 3. 91 days 7. 3:23 Am. 
2. 1976, 1980, 1984 4, 92 days 8. 3 days 
1988, 1992, 1996 5. 36 weeks 9. 3:40 p.m. 
2000, 2004, 2008 6. 1:09 p.m. 
Article 44 
I. a) $7.25 3. 54 quires 
b) $10.10 4. 3 boxes; Pam needs 2,5, doz 
c) $54.13 5. $0.047 
d) $2.06 6. 70 years 
2. a) One dollar eleven cents c) Twenty-five dollars seventy-five cents 


b) Six dollars forty cents 


d) Five cents 
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Article 46 

1. 289.3 sq ft 2. 648 cu in. 3. 98 in. 4. 96.3 cm 
Article 47 

1. a) 5sq yd 6 sq ft 116 sq in. 4. 9152 rails 7. 1.5 qt 

b) 8 bbl 1 qt 1 pt 5. a) 74 ft 8. 2117 lb per sq ft 

2. 229 tons 1875 Ib b) 154 qt 9. 1.06 tons per sq ft 

3. 281 cu ft 6. $10.64 
Article 49 

1. 397 sec 3. 434/ 5. 8.24 ft 

2. 534 oz 4. 15.75 ft 6. 26.22 miles 
Article 54 

1. 206.45 min 3. 3 ft 48 in. 5. 3015/55" 

2. 3.44 hr 4. 97°18’ 
Article 56 

1. 1684 F 3. 138C 5. 1582 F 

2. 262C 4. 762C 
Article 59 

I. 32 ft 2. S#t 72 in, 3. 4 ft At in. 4. 2:40 p.m. 
Article 63 

1. a) 5625 sq in. 3. 39 Ib 6 oz 

b) 39 sq ft 4. a) 6 pieces 
2. a) 4758 sq in. b) 1 ft 64 in. 


b) 33.0 sq ft on Dsit'7 24nk 
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Examination Questions 


Notice to Students.—Study this instruction text thoroughly before you answer the following 
questions. Read each question carefully and be sure you understand it; then write the best 
answer you can. If the answer involves a mathematical solution, show enough of your work to 
indicate how you obtained your answer. We will not accept answers alone. When you complete 
your work, examine it closely, correct all the errors you can find, and see that every question is 
answered; then mail your work to us. DO NOT HOLD IT until another examination is ready. 


The first 8 questions are worth 10 points each while Questions 9, 10, 11, and 12 
are worth 5 points each. 


Give answers only for the first eight questions. 


1. Convert and express your answer to two decimal places. 


a) 5.65 gal = 22-6 
b) 342 sq in. = 2° sq ft 
c) 384 cu ft =/4.2cu yd 


e) A change of 64 Fahrenheit degrees equals a change of 


d) 90cm = 2-5 ft 
degrees. 
2. a) 2yd = _fed in. 


b) 40 articles = 33> doz 
c) 7600 Ib =3:& short tons 


3. a) 36 sq ft = 4 sq yd 
b) 3 gross = __3 articles 
c) 8 sq mi =4#2 acres 


4, a) 4bbl = L2G gal 
bane — by Fr 
c) 5sqyd = 45 sq ft 


5. a) 3cu ft =8/2 4 in. 
b) 30 min =22 sec 
c) 8%F=30C 


6. a) 320in.=_& yd_&% ft_4_ in. 


b) 74qt=_2 bu | pk 2 qt 


E 


c) 0.675° = 49 min £0 sec 


a 


centigrade 


d) 3 days = _Z2 hr 
e) lbu3 pk=_7_ pk 


d) 400 sq mm = ca sq cm 
e) 33 cords = >¥¥ cu ft 


d) 2gallqt=/7 pt 
e) 4cuft=_2_ cuyd 


d) 63.5 cm = 245 “in, 
e) 5°63” = LV ¥ sec 


Ib 


d) 6240 lb = _2_ short tons 
e) 31500 sec = 5 hr 3 © min 
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7. Perform the following operations: 
a) 20°30/23” x 4= Ado _} + dy 
b) 8 yd 2 ft 43 in. x5 = Y2yd_A ft /OVin, 
c) 35991040” + 7= S/o Ps Yan 
d) l0yd1f8in.+4=_2 yd_/ in. 
e) 3pk6qt+2=_/ pk_Z qt 


8. Add: 
(a) (b) (c) 
2 yd 1 ft 6 in. 1 ft 84 in. 3° .4f 87 
3 yd 2 ft 2 in. 6 ft 12 in. 20° 25’ 30” 
3 yd 1 ft 8 in. 91 in. 6° 34’ 42” 
Subtract: 
(d) (e) 
4 yd 2 ft 6 in. 40° 20’ 18” 
2 yd 2 ft 8 in. 10° 28’ 30” 


Work required on Questions 9 to 12. 
9. Find the area in square inches of a surface 3 ft square, 
10. Reduce 8.235 ft to feet, inches, and eighths of an inch. 


11. An article whose weight is 1 Ib 23 oz is packaged in a box that weighs 3 oz. 
If 24 of these boxed articles are placed in a 24 Ib shipping carton, what is 
the total weight, in pounds and ounces, of the shipping carton and its 
contents? 


12, A plumber has a piece of pipe 20 ft long. 
a) What is the greatest number of pieces 2 ft 42 in. long that can be cut 
from it? 
b) Change 2 ft 43 in. to feet. Round off your answer to the nearest hundredth. 
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